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PREFACE

The Caribbean Acropora Workshop was concelved to obtain recent information on the status of Acropora
popul ationsthroughout thewider Caribbean and determine appropriate strategiesto conservethesecritica
resources. Becausethe emphasiswason the potential useof theU.S. Endangered SpeciesAct (ESA) asa
conservationtool, themgjority of the participantswerefrom the United States, including fisheriesofficials,
resource managersand scientistsfrom Federal, Stateand Territorial governments, universitiesand non-
government organizations. Scientific and management expertisefroma number of other countrieswere
also represented to obtain amoreregional perspective, asadetermination of an endangered or threatened
listingintheU.S. ESA for invertebratesrequiresan evaluation of the status, trendsand threatsaffecting
these speciesthroughout their range.

Theworkshopwasdividedinto background presentations given by the participantsfollowed by two days
of working group discussions. Presentationswere given on the status and trends, threets, and biology and
ecology of Acropora cervicornisand A. palmatal; the application of research datatoimprove our
understanding of these species; and existing and new management tools necessary to devel op effective
conservation programsfor these species. Themorning sessionincluded aregiona overview aswell as
more detail ed presentations on Acropora popul ationsin Florida, Puerto Rico, theU.S. VirginIdandsand
severa non-U.S. countriesincluding the Dominican Republic, Jamaica, Belize, Netherlands Antilles,
Colombiaand the northeast Caribbean. The afternoon session discussed mapping of Acropora habitat and
colonies, therelevance of geologica informationin eva uating risk factors, population dynamicsandlife
history traits, genetic information, the use of aquaculture and maricultureto restore degraded popul ations,
existing management measures, and potentia application of the ESA asaconservation strategy. Thiswas
followed by four concurrent breakout working group sessions on 1) status and trends of Acropora
popul ationsthroughout the Caribbean; 2) biology and ecology of Acropora spp. and how theseinfluence
thepotential for recovery; 3) existing management measuresintheU.S. and wider Caribbean and their
relevanceto Acropora conservation, and new initiatives needed to protect these species; and 4) information
and research needsto better understand and addressthe threats these speciesface, and predict the
likelihood of recovery.

Thisdocument includesfour working group reports, white papersfrom Florida, Puerto Ricoand the U.S.
Virgin Idands, abstractsfrom thetal ks, restoration approaches applied to these corals, background
information used to list these species as Candidatesfor the ESA, and areference compilation of literature
specificfor Caribbean Acroporids. The Executive Summary highlightsthe mg or outcomesand conclusions
from theworkshop, including the specific resol utions of each working group. These Proceedingsshould
providetheinformation needed to completeafull statusreview onthese speciesand makealisting
determination for the ESA.

Acropora prolifera is mentioned in several reports and abstracts throughout these proceedings, but it was not listed as
acandidate species for the ESA and was not considered a separate species during this workshop. Vollmer and Palumbi
(2002) present datathat demonstrate that A. proliferaisamorphologicaly variable, first generation hybrid of A. palmata
and A. cervicornis.
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EXECUTIVE SUMMARY

Thewidespread degradation and | oss of the main reef-building corals, elkhorn coral and staghorn coral, on
coral reefsthroughout the Caribbean wasthefocus of athree-day workshop held at the University of
Miami’sRosenstiel School of Marineand Atmospheric Science (RSMAYS). Theworkshop was sponsored
by the National Oceanic and Atmospheric Administration (NOAA Fisheries) to obtain statusreports about
thedistribution and abundance of thesecorasin Florida, Puerto Rico, theU.S. Virgin Idands, and the
wider Caribbean. Workshop participantsincluded cora reef biologists, ecologistsand geologists, resource
managersand policy expertsfromthe U.S. and Caribbean, with representation by Federa, State, Territorial
governments, universitiesand non-government organi zations.

Elkhorn and staghorn cora sare thetwo major reef building coralsin Floridaand throughout the Caribbean
that onceformed densethickets at shallow and intermediate depths, contributing significantly to reef growth,
idand formation, coastal protection, fisherieshabitat and biodiversity. Their decline haschanged many cord
reefsfrom spectacul ar three-dimensional living structurestoflat “ parking lot” stretches of seascape. Reports
heard at the workshop added to the building body of evidencethat elkhorn and staghorn coralshave
declined significantly in abundancefromtheir historical levelsand throughout their range acrossthe
Caribbean region. Disease outbreakswereidentified asamajor cause of cora loss, but habitat
degradation, storm damage, cora bleaching, outbreaksof predators, competition by encrusting and
bioeroding organisms, physica damagefrom anchoring and ship groundings, and other humanimpactshave
alsokilledlargeamountsof coral. Asrecently asthe 1980sthese coral swere acommon feature of many
reef environments, wherethey formed densethicketsand extensive stands of hedlthy, fast-growing cord.
Thelossof these specieswill resultinamagjor loss of reef function and structure and may contributeto
accelerated coastal erosion.

Elkhorn (Acropora palmata) and staghorn (Acropora cervicor nis) coralswere added to the Candidate
SpeciesList of the Endangered SpeciesAct (ESA) in 1999 by NOAA'sNational Marine Fisheries Service
(NMFS)L. Themainintent of theworkshop wasto gather additional information onthe status of these
cords, evaluate how effective existing measuresare at protecting these species, and propose additional
conservation strategiesthat need to beimplemented to restore these species. Four working groupswere
established and charged with evaluating the: 1) statusand trends of elkhorn and staghorn cora populations
and threats affecting surviving coras; 2) biology and ecology of the speciesasit affectsfuturetrendsand
potentia rebuilding of thespecies; 3) management optionsto conservethe species,; and 4) information
needsto aid intheir conservation. In addition to the specific recommendations devel oped by theworking
groups, dl participantsagreed that amg or, well-organized effort isneeded to systematically identify the
causesof thedecline, pull together what'sbeen done, and determine exactly what needsto bedoneto halt
theloss of these species; improvetheecological and physical conditionsof thesereefs so they can once
again support elkhorn coral and staghorn cora populations; and devel op strategiesto promote cord
recruitment and restore degraded cora populations.

Theworkshop participants concluded that recent informationisavailableon their statusfrom 60-75% of al
reefswherethese speciesoccur. Both speciesstill occupy their historic range, athough localized range
reductions and extirpations have occurred. Most popul ations have experienced | osses of 80-98% of their
1970sbasdline, dthough healthy standsaretill foundin afew locationsand limited recovery through sexual

Acropora prolifera is mentioned in several reports and abstracts throughout these proceedings, but it was not
listed as a candidate species for the ESA and was not considered a separate species during thisworkshop. Vollmer
and Palumbi (2002) present data that demonstrate that A. proliferaisamorphologically variable, first generation
hybrid of A. palmata and A. cervicornis.
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recruitment and/or regrowth of fragments hasbeen observed. Over thelast year A. palmata populationsin
anumber of locations have been stable, although at only 5% of their historical abundance. Thereare
numeroussiteswhere additiona populationsare highly vulnerableto extirpationsover thenext 5-20 years.
Onaregional scale, there have been few signsof recovery sincetheinitia decline. However, throughthe
development and i mplementati on of management actionsthat dleviate or minimizethethreatsimpacting
these species, thereisahigh potentia for recovery.

Caribbean Acroporidshave severa uniquelifehistory strategiesthat canalow coloniesto persist and
recover under theright environmenta conditions. Although they exhibit infrequent or sporadic sexua
recruitment, these species can rapidly recol onize an areathrough aprocessknown asfragmentation. A
certainfrequency and intengity of stormsisthought to beimportant in maintaining and rebuilding local
popul ations by breaking and dispersing branches, which can reattach and regrow. However, in many
locations, popul ations have been reduced to such an extent that the potential for recovery through regrowth
of fragmentsislimited and recovery isdependent on recruitment of sexual ly-produced larvae.
Unfortunately, fertilization success may aso declineasthese and other sessile benthic broadcast spawners
arelikely to exhibit density dependent reproduction. Inaddition, genetic variability of remaining colonies
may bedrastically reduced which can have positive short- term (locally-adapted disturbanceresistance
popul ations) but negativelong-term (ie. geneticintrogression) implications.

Although participantsfelt therewas sufficient information avail able on the status and trends of these species
and thethreatsthey faceto makeadecisonwhether an ESA listingisjudtified, they identified numerous
information gaps. Key research needsinclude studieson 1) the biol ogy of these species, with an emphasis
onreproduction; 2) geologic time scalesand linkagesamong past die-offsand therecent declinewith
respect to theimportance of natural versus anthropogeni c disturbances; 3) etiology and epizootiology of
cora diseases; 4) genetic sudiesincluding linkagesamong popul ations, geneti c exchange between
populations, and effect of disturbance on genetic diversity; 5) scientificinformation on demographic
parametersand habitat-based variables; and 6) eva uation of strategiesto enhancerecovery, including
propagation and transplantation into degraded areas and techniquesto mitigate threats. Oneof thekey
needsthat iscurrently lackingisamodel for modular (colonia) organismscapableof providing areliable
method to predict the current risk these speciesface and potential for thisto continueinto thefuture.
Emphasisneedsto be placed on the devel opment of amodel that incorporates demographic parameters,
lifehistory traits, and threats.

Theoveral conclusion of al participants of theworkshop wasthat 1) both Acropora palmataand

A. cervicornishave been severely reduced throughout their range; 2) these species have many mechanisms
for recovering from physica damageincluding the devel opment of new coloniesfrom fragments; 3) thereis
limited recovery occurring in some areasthrough both sexual and asexud recruitment; but 4) itisnot clear
that these specieswill be successful at recovering to their former extent without specific management
interventions, given the current assault fromthe overal, unprecedented combination of stresses, including
biotic factors (predation and disease), massbleaching events, physica damagefrom hurricanes, anchorings,
and ship groundings, and degraded water quality. Thesecorasarecritical componentsof Caribbean coral
reef ecosystemsand both the structural and ecological rolesof Acropora spp. are unique and cannot be
filled by other species. Thereforeitisessential that management initiativesare undertaken to addressthe
threatsaffecting these corals, protect remaining popul ations, and rebuild and recover degraded popul ations.
Conservation effortsarelikely to be most effective when each coral population isconsidered independently,
andany conservation action takesinto account the preservation of ahigh geneticdiversity. Acropora

pal mata and A. cervicorniscould benefit from the protection the ESA affordsand thelisting will provide

valuable added protection for many other reef speciesdependent onthem.
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Summary of Resolutions from the Biology and Ecology Working Group

1. Thestructural and ecological rolesof Acroporid coralsinthe Caribbean areuniqueand can not befilled
by other coral species. Their rapid accretion ratesand structural complexity areunmatched. Thelossof
thesecharactersticswill likely result inasignificant loss of reef function and structure. At present, thereisno
indication that any other Cariblbean cora species can replacetheimportant rolethat Acroporid corasplay
withinreef communitiesof theregion.

2. Two sources of disturbance, diseases and storms, wereidentified asthe main contributorsto theregional
declineof Acroporaspp. Inaddition, sourcesof mortality such aschemical pollution and space competition
from excavating sponges, wereidentified as* emergingissues’ wheremoreresearchisneeded tofully
predict their impacts.

3. White-band disease, which affects both Acropora palmata and A. cervicornis, isbelieved to have been
theprincipal cause of mortality inthese speciesthroughout the Caribbean regionin the past two decades.

4. Acroporid cora'smay requireacertain storm frequency to be able maintain and expand popul ations
through asexual recruitment when sexual recruitmentislimited. However, afrequent occurrence of ssorms
or aparticularly intense hurricane may impact colony and fragment surviva.

5. For Acroporid coras, which exhibit reportedly sporadic or limited sexual recruitment, asexua
reproduction can play amajor rolein maintaining loca populations. However, as popul ation abundance
decreases or disturbance patternsincrease to the point whereremaining coral populationsareno longer able
to survive and propagate by asexua means, therel ativeimportance of sexua reproduction and recruitment
increases. Anecdota evidence and observations made by reef researchersat severd |ocationsthroughout
theregionindicatethat both A. palmata and A. cervicornisdo indeed recruit sexually onto reefsand that in
severa instances popul ationsthat have experienced mg or declines (< 90%) are presently showing signsof
recovery from newly settled sexual recruits.

6. Theinformation available on patternsof asexual propagation hasshown that, under theright
environmenta conditions, fragmentation followed by fragment stabilization, survivorship, and regrowth can
providean efficient mechanism for maintai ning and expanding Acroporid popul aions. However, while
fragmentation followed by fragment stabilization and growth may have been sufficient to maintainand
expand Acroporid populationsin the past, recent patterns of regional decline haveincreased thereliance of
these specieson sexud recruitment asameans of establishing and sustaining populations. Accordingly, the
regiond recovery of Acroporid populationswill depend largely on thefuture success of sexua recruitment.

7. The scientific capability to assessthe potential for recovery of Acropora spp. populationsby sexua
propagation of surviving populationsisserioudy impaired at present by the general lack of knowledge of the
different aspectsof thisprocess. Thiswasidentified asakey research areawhere effortsneed to be
alocated inthefutureto determine: 1) spatial and temporal patterns of gameteformation and release;

2) size-stagethresholdsfor gamete production; 3) within and among colony variability in gamete production;
4) fertilization patterns, 5) transport and duration of larval stages, 6) larva survivorship patterns,;

7) settlement requirements and preferences of cora planulag; and 8) early survivorship and growth of sexua
recruits.



8. Inlight of therecent drastic decline of thesecritical structural (foundation®) species, itisimportant that
we understand theinfluence of disturbances on the genetic composition and genetic variability withinand
among Acroporid populations. Furthermore, faced with the uncertainty about their recovery and long-term
gatus, it isimportant to determinewhether these disturbanceshave modified underlying genetic variability,
favoring locally adapted, disturbance-resistant populations. Thisinformationwill becrucia to: 1) eva uate,
based on present genetic structure, the potential impact of future disturbances, and 2) determine, based on
prior genetic exchange, therecovery capability of local populationsfrom remaining regional sourcesof
propagules. Similarly, information ontheclona structure of the populationswill aidin the decision making
process on marinereserves and management plansby identifying specific locationsand populationsat risk
based on factors such asgenetic isol ation and genetic structure.

9. Thepreliminary resultshighlighted here can haveimportant conservationimplications- namely, each
coral population should be considered individually and any conservation strategy (esp. transplantation
studies) should takeinto account preserving ‘ meaningful geneticdiversity’.

Summary of Resolutions from the Status and Trends Working Group

1. Once dominant specieson shallow reefs(0-15 m depth) throughout the greater Caribbean, Acroporid
abundance has been drastically reduced in abundance and spatia dispersion. Inmany areas, previoudy
densaly populated subpopulations (or monospecific thickets) now consist of no or few individuals. Present
andfuturelikelihood of disturbanceto their abundance and habitat remains high dueto both natural and
anthropogenicfactors.

2. Thestatusof Acroporidshaschanged significantly sincethe 1970swith aregion widedecline occurring
inthe 1980s and subsequent localized declinesduring the 1990s. The 1970s representsabaselinefor
“stable, healthy” populationsand the 1980sasabaseline of theregional declineprimarily resulting from
white-band disease. Additional shifting basdlinesareuseful to understand local and current declines; for
exampl e, regiona mortality from diseaseiscompounded on alocal scaleby hurricanes, bleaching events,
and outbreaks of predators.

3. Acropora palmata and A. cervicor nis have experienced an unprecedented decline throughout their
historic range sincethe 1980s, including both asignificant reduction (lossof 80-98%) inthe number of
individua sand an extremereduction in areaof distribution. Neither specieshaverecovered totheir former
abundance. Somelocal A. palmata populations have been stable over thelast year with evidence of
recovery and limited sexual recruitment (e.g., USVI). Acropora cervicornisexperienced amore severe
declinewith no or few signsof recovery or sexual recruitment (except Broward County, FL). Acroporids
have ahigh likelihood of localized extirpation and possible extinction on ecological time scales(10-100yrs).

4. White-band disease (WBD) isbdlieved to bethe primary causefor theregion wide Acroporid decline
during the 1980s. Current factorscausing mortaity or stressare highly localized, with some areas showing
greater susceptibility to disease (e.g., FloridaKeys, Belize), predation (e.g., FloridaK eysand Puerto Rico),
and storms(e.g., USVirginldands). Giventhedeclined state of Acroporidsand theincreaseinthe
frequency andintensity of disturbances, these sengitive speciesare highly vulnerableto both natural and
anthropogenic stressors, especialy synergistic disturbances.



5. Anestimated 60-75% of the entire Acroporid population has been examined and enoughinformationis
availableto make adetermination whether these speciesare threatened or endangered. Approximately
5%, and no more than 10% of the population resideswithin USwaters. Several geographical areaswhere
moreinformation isneeded include Bahamas (especially southern), Nicaragua, Pedro Banks, northern
Cuba, Haiti, Banksoff of Turksand Caicos, SabaBanks, eastern Caribbean, and Trinidad and Tobago.

6. Thehistoric range of Acroporidsisbelieved to bethe sameasthe current range, athoughitisnot
poss bleto concludewith certainty giventhecurrent scientificinability to differentiategenetically distinct
populations. Loca rangereductionsand extirpationshave occurred and it isbelieved some popul ations
may bereproductively isolated. Giventheextent of declineand vulnerability to extirpation, itisbelieved
these coral sremain threatened throughout their range.

7. Toassst intherecovery of these species, more scientific information isneeded on both demographic
variablesaswell ashabitat-based variablesincluding 1) survival and fecundity by age and frequency
distribution of ages(sizeor stage structure?); 2) reliance of popul ations on asexual vssexual recruitment;
3) geneticdly distinct popul ations, minimum popul ation sizes, and amount of genetic exchange between
populations,; 4) juvenile population dynamics(e.g., survivorship, growthrates); 5) importance of habitat
variablesto recruitment and adult survivorship (e.g., standing dead colonies, vertica relief, habitat
condition, crossshef position); and 6) location of “endmember” popul ations and those showing signs of
recovery and/or sexua recruitment.

8. Acropora palmata and A. cervicorniswarrant further listing under the Endangered SpeciesAct (ESA)
and could benefit from the protection the ESA affords. Acroporidsarelikely toqualify for listing as
threatened or endangered species because of the significant reductionin their abundance and high
likelihood for future popul ation declines; the current loss of habitat and potential for futurelossof range
remainshigh; they are highly susceptibleto severe popul ation reductionsdueto disease and predation,;
therearefew existing regulatory mechanismsto minimizefurther reductionsor impacts; and both natural
and anthropogenicfactorsarelikely to affect their continued existence. Thelikelihood of extinction for
both species could bereduced by aleviating threats and implementing strategiesthat promotetheir
recovery. Thelisting of these specieswill provide valuableadded protection to both corals, aswell asthe
many other species dependent onthem.

ISpeciesof large effect fall into two general categories: 1) structural or foundation species, which provide most of the three-
dimensional architectureinwhich other speciesfind shelter and food; 2) keystone species, which by virtue of their high rates
of consumption and their generalized diets, exercise disproportionate control over the distributions, population sizes, activi-
ties, and adaptive characteristics of many other species (Vermeij, 2001). Based on this definition, the workshop participants
determined that Acropora palmata and A. cervicornis are (1) structural or foundation species.

2Stage structure refers to aparticular life history stage of Acropora spp., including asexual recruit, fragment
and whole colony.



Summary of Resolutions from the Management Working Group

1. Theexisting regulatory framework inthe U.S. anditsterritories, aswell asin many Caribbean nations
offerslimited protection to Acroporid popul ationsthrough 1) the establishment of parks, sanctuariesand
reserves, 2) fishery management plansthat limit or prohibit thetakeof coras, restrict theuse of fishing gears
that cause habitat damage and breakage of corals, especially no-takereserves; 3) federal, stateand
territoria programsto establish and maintain mooring buoysto minimize coral breakage associated with
anchoring; and 4) coastal zone management strategiesthat address shoreline development, sewage
treatment and discharge, and destruction of associated habitats such as mangroves. However, the
existing regulatory structureis insufficient for most Acropora populations, additional measuresare
necessary toimprovewater quality, addresscoastal devel opment, improve navigational aids, address
habitat damagefrom anchoring, destructivefishing gears, and boat groundings, and enhance enforcement.

2. A variety of protected areasexistin Florida, USVI and Puerto Rico, including National Monuments,
Sanctuaries, Reserves, and Wildlife Refuges. Theseand other areasaretypically zoned for specific or
multiple uses, ofteninclude no-take areas, and offer various protective measures such asaprohibition on
extractiveactivities. However, in generd, they encompassareatively small portion of thetotal Acropora
habitat, they offer limited protection from variousenvironmental impactssuch aswater quality issues, and
enforcement may belimited or lacking.

3. Overthelast fiveyearsFlorida, USVI, and Puerto Rico have made major conservation advancesthrough
the establishment of varioustypes of marine reservesand proposalsfor new marine protected areas. Many
of these have been established in coordination withinitiativesto address habitat destruction through fishing
gear regulations, instal lation of mooring buoysand navigational aids, no anchoring zones, improved
wastewater trestment, and other measures.

4. Coral reefsand associated habitats providefishery resourcesthat represent acritical source of food, but
increased rates of collection and associated habitat destruction are threatening the regenerative capacity of
of these speciesand critical linkagesamong species, and in some casesare contributing to phase shifts. A
number of management initiatives have been proposed including improved monitoring and protection for
fishery resources; greater habitat protection through establishment of no-take MPAsand other efforts;
measuresto protect spawning popul ations; elimination of destructivefishing practicesand gears;
implementation of gear restrictions; and incorporation of ecosystem-scale considerationsin Fishery
Management Plans.

5. Coral diseasesand coral predators need far more study. Managers need to know the causes of diseases
affecting Acroporids, how diseasesaretransmitted, and any actionsthat can betaken to reducetheir
negativeimpactson Acropora populations. Effortsshould be madeto determinethe degree of disease

resi stancethat existsamong clones, and genetic mechanismsfor resistance. Researchisasoneededto
determinethe efficacy of programsto control potential “pest” speciessuch asCoralliophilaabbreviata
and Segastes planifrons.



6. Pollution and sedimentation could be signficantly reduced by fully implementing existing authoritiesamong
variousfederal, stateand territorial agencies, but thiswill requiregreater effortsto monitor existing water
quality, expanded studiesto determinethe ecological relevance of variouspollutants, and improved
permitting mechanismsfor development projectsthat affect cora reefs. Locd partnershipsamong
governments, land owners, industry and the public are necessary to implement measuresto reduce land-
based runoff and prevent discharge from known point sources.

7. Coral mariculture, aquaculture and other propagation techniques, along with transplantation, and
reattachment of dislodged Acroporafragmentsmay provide afeasible strategy to rebuild degraded
Acropora populations. Theseeffortsmay beespecialy useful inareasfor which natural recovery isunlikely
(dueto an absence of parent coloniesor sexual recruits), and on asmall scaleto speed up recovery
following a ship grounding. However, care must betaken to ensure that source coral populationsare not
degraded, genetic diversity ismaintained, and potentia introductionsof pathogensor other invasivesare
avoided. Inaddition, restoration efforts should not be undertaken unlessthe source of thethreat hasbeen
identified and addressed. Becauseweknow very little about appropriate restoration strategies and
potential long-term benefits, al restoration efforts should be undertaken using an experimenta approach that

includesmeasuresto evaluate success.

8. A number of countries havetaken key stepsto protect coral reef ecosystemswithin their watersthrough
the devel opment of MPAs, implementation of Fishery Management Plans, and devel opment of strategiesto
addresswater quality issues. However, these effortsneed to be greatly expanded on alocal toregional
scaleand substantia new initiativesare necessary. Thereisaneed for improved sharing of information and
technical assistancefromtheU.S.; greater effortsto educate the public and user groupsregarding the
importanceof coral reef ecosystems, threats, and solutions; and better cooperation among different
government agencies, non-government organizations, industry and the public.

9. Severa regional and international fora, including CaMPAM, SPAW, ICRI, GCRMN, CITES, AGRRA
and CARICOMP areavailableto assst intheregional and internationa protection of Acroporid corals
through improved management, monitoring, and conservation. However, therearevariouslimitationswith
theseinitiatives, such asfunding and leadership problems, acapability to adopt measuresthat address
important concernsbut not necessarily themost critical concernsfor these species, and limited public,
government and/or industry support.

10. AnESA listingwould provide additiona necessary conservation mechanisms, above and beyond the
existing toolsavailableto resource managers. Thelisting could protect and restorethese specieswhile
providing added benefitsfor associated species; it would providefor increased recognition and awareness
of cord reefs, their importance and their vulnerable condition; and it would enhance our ability tofill
information gapsthrough support for targeted research and monitoring. An ESA listing would a so add
additional burdensand costsfor increased management, enforcement and permitting of activities. Nosingle
mechanismislikely to be sufficient to halt the decline of these coralsand enhancetheir recovery. Itislikely
that managerswill haveto apply all of their toolsto ensurerecovery of these species, including application
of theESA.



Summary of Resolutions from the Information Needs Working Group

1. Thereisaneed to compileexisting maps, historical and current aerial photographs, bathymetric
information, airborne sensor dataand other types of information showing existing and potential Acropora
habitats and associated terrestrial and marine habitats essential to the conservation of Acroporids. These
datashould beincorporated into aGl S databaseto delineate critical habitat and design appropriate
conservation strategiesto protect theseareas. Whileagood deal of recent informationisavailablefrom
U.S. locations, thereisaneed for ground truthing of mapsand improved resolution of maps, aswell asa
need for expanded mapping effortsinnon-U.S. locations.

2. While sensor-based reef mapping technol ogies can provide high resol ution information on the distribution
of ecologica communities, current technology doesnot provideardiabletool to distinguish among species
of corasor condition (live, dead or diseased or bleached colonies). Thus, the use of sensor-based mapping
toolsmust be combined with underwater visua, video and photographic monitoring and assessment.

3. Thereisaneedfor larger, regional scale coring programsto compilealong-term record and comparethis
to present day changes.

4. We need toimprove our understanding of the nature of recent regional declinesin Acropora populations,
and whether evidencefor causes of past declinesare preserved inthe geochemistry of Acroporafossis, to
determinewhether the observed declineis part of anatural cyclical processfor which natura recovery is
likely, or whether anthropogenic stressors have exacerbated these processes and may inhibit recovery.

5. Reef restoration at any scalewill have, at best, very limited successunlessthe causesof declineare
understood and action istaken to reduce these threats.

6. Transplantation and propagation of Acropora coloniesare viabletoolsto enhancerecovery at local
scales, but considerations such asappropriate sel ection of coloniesand fragments, the potentia effectson
genetic structure of populations, and the potentia benefits must be weighed against the probability of natural
recovery, other management interventions, and likelihood of long-term success.

7. Effortsto enhance sexua recruitment may provide auseful tool to promote recovery of populations, but
additional researchisneeded to understand different aspects of sexual reproduction, including basic
information on reproductivebiology, roleof water circulationin transport of larvae, and larva settlement
requirements.

8. Novel ecological restoration efforts, such as strategiesto enhance herbivory, reduce predation pressure,
eliminate pest species, and mitigate diseases may have benefitson alocal scale, butitiscritical that these
efforts be undertaken using a science-based approach that i ncorporates effortsto understand ecological
processes and potentia impacts of human modification of these processes.

9. Greater effortsare needed to monitor and assess Acropora popul ations at local to regional scales, at time

intervasappropriateto the processunder investigation, including studiesto follow individua coloniesat
variouslife stages exposed to different environmental conditionsand anthropogenic stressors.
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BACKGROUND
NMFSCoral Speciesand Ecosystem Conservation Project

In 1998, the National Marine Fisheries Service (NMFS; NOAA Fisheries) began aninitial analysisof the
major reef-building coral speciesto determinewhether environmental or anthropogenic factorswere
threatening the survival of certain speciesin U.S. watersof thewestern Atlantic. Corasselectedinthis
review wereanalyzed based on 1) their rolein coral reef structureand function (e.g., reef growth, essential
fishandinvertebrate habitats, biodiversity and coastal protection); 2) speciespotentially threatened by
anthropogenic and natural factorsidentified ascriteriafor the Endangered SpeciesAct (ESA); and 3)
speciesprevioudy placed onthe candidate specieslist for the ESA. Thisreview includesnine species
identifiedin 1991 as candidatesfor listing under the ESA that wereremoved in 1997. Althoughthe9 corals
listed ascandidatesin 1991 had declined in somelocations, they wereremoved from the candidatelist
because NM FSwas not ableto obtain sufficient information on their biological statusand threatstothe
speciesto meet the higher scientific documentation required for inclusion onthe 1997 candidateslist (62
F.R. 37560).

For each speciesincluded inthe 1998 review, informationwascompiled onthelifehistory characteristics,
habitat and distribution, historica abundance and extent of decline, threats, and existing management
mechanismsusing available scientificliterature, grey literatureand persona communications. Thisproject
identified two Caribbean species, Acropora cervicornisand A. palmata that were of immediate concern.

A. Addition of Acropora palmataand A. cervicornistothe Candidate SpeciesList of the ESA

Usinginformation collected through Phase| of the 1998 project, aswell asinformation obtained during a
public comment period, NMFS added two coral species, elkhorn coral (Acropora pal mata) and staghorn
coral (Acropora cervicornis) to the candidate specieslist of the Endangered SpeciesAct in 1999 (Federd
Register Vol. 64, No. 120, June 23, 1999 pp. 33466-33467). These specieswere determined to qualify
for listing on the candidate specieslist becausethey had exhibited asignificant declinein abundance or range
from historical levels, and thisdeclinewas dueto one or moreof thethreatsused tolist aspeciesonthe
ESA, specifically disease outbreaks, predation, natura climatic conditions, and habitat degradation.
Extensive, densethicketsof staghorn coral and elkhorn coral wereacommon feature of Caribbean reefs
until thelate 1970s or early 1980s, depending onthelocation. These specieshave progressively declinedin
abundancethroughout their range over thelast 25 years, beginning with thefirst reports of white-band
diseasefromthe USV1in 1977. Disturbancesthat contributed to the declineinclude disease outbreaks,
stormsand hurricanes, temperature extremes, bleaching, predation by snails, sedimentation, and other
factors. Thetwo major sourcesof mortality most commonly cited asthe main cause of their demiseare
white-band disease and physical disturbance caused by ssormsand hurricanes. A summary of theinitial

biol ogical assessment completed during the preliminary review of Acroporacervicornisand A. palmata
for the purpose of determining whether these species should be added to the NM FS Candidate Species
Listisannotated at theend of thisdocumentin Appendix I1.

B. Addressing I nformation Gaps

Thepreliminary statusreview used to justify listing these coral sas candidate speciesfor the ESA reveaed
large gapsin availableinformation. Extensive occurrencesof “ standing dead” Acropora palmata have
been reported al ong the Yucatan peninsulaof Mexico, San Andreas, the Turksand Caicosand other
locations, but often the cause of mortality or timing of theeventisnot known. Quantitativedata
documenting awidespread lossof A. cervicornisareavailablefor Belize, Jamaica, the Netherland Antilles,
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Forida, and Colombia, but in many casesdataareavailablefor asmall number of locations, oftenoneor a
few reefs. Extensivequantitativedatafor A. palmata are also availablefor Florida, USVI, Jamaica, and a
few other locations, in most other locationstheavailableinformation islargely anecdota. Thishashindered
our ability tolist these speciesonthe ESA, primarily becauseamarineinvertebratelisting has more stringent
information requirementsthan that needed to justify avertebrate speciesfor listing.

1) Atlantic and Gulf Rapid Reef Assessment

In order to collect needed information on aregional scale, NMFS Office of Protected Resourcesis
collaborating with the Atlantic and Gulf Rapid Reef Assessment (AGRRA) program to compileregiona
information on the status of these speciesusing coral reef assessment datafor 1998-2000. The AGRRA
protocol has been applied to over 400 reefsinthewestern Atlanticincluding reefsin the Bahamas, Brazil,
Bonaire, Caymen, Cuba, Curacao, Dutch Antilles, Flower Gardens, Honduras, Jamaica, Mexico, St.
Vincent, Turksand Caicos, USV1 and Venezuela. The objective of AGRRA isto develop acomprehensive
database of the condition of reefsthroughout the Atlantic and Gulf of Mexico, including 1) the condition of
reefsnear population centersversusthosein remotelocations and 2) theidentification of luxuriousreefs
with high coral cover, an abundanceof rare or threatened invertebratesor fishes, or an unusua morphology
which makesthem important candidatesfor conservation efforts. The benthic component of the protocol
characterizes coralsby speciesand records dataon abundance, percent partial mortality, sizefrequency,
condition, and recruitment. The AGRRA program and database represent the most comprehensivelarge
scal e assessment to date, with information that isessential to understanding the extent of declineand
patternsof recovery for western Atlantic Acroporid coralsfrom throughout theregion.

2) New I nformation

In most locationsthroughout the Caribbean A croporid popul ations have declined by 95% or more, although
somedegraded areas are showing positivesignsof recovery. IntheU.S. Virginldands, for example, some
of the Acropora pal mata reefs decimated by white-band disease (WBD) during the 1970'sand 1980's
appear to berecovering through continued growth and fragmentation of remaining colonies, and through
new recruitment. Other areas, such as Andros|dand, Bahamas appear to have avoided amg or decline of
Acropora pal mata altogether and still contain extensive and healthy stands. Although many anecdotal
reportsindicatethat thereare still anumber of elkhorn or staghorn coral thicketsin excellent condition,
major storm eventsor other disturbances can lead to the sudden demise of these corals, such asthat which
occurred in southwest Cubainthefal of 2001.

Itisimpossibleto appreciatethe significance of reported Acroporid declinesor comebackswithout placing
theminto alarger spatia and temporal context. Studiesfocusing on geologica timescaesareincreasingly
attempting to determine how thetaphonomic signaturesof fossil reefsdiffer frommodernreefs. Future
studieshold promiseat extending our understanding of ecological changesto coral reefs, and specificaly
Acroporid populations, on geologicaly relevant time scales. However, few studies are presently focusing on
addressing questionsover large spatia scales(i.e. 1000 km) regarding the distribution, abundanceand
connectivity of populations, causesand extent of mortality, and patternsof recruitment and recovery. Thisis
partly because of thetimeand effort required to carry out an effective sampling design and the difficulty at
obtaining financial support for thesetypesof projects.
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Throughthe NMFS Cora Conservation Program and the Office of Protected Resources, NMFSis
supporting new or ongoing research programswith relevanceto an ESA listing for Acroporacervicornis
and A. palmata. Thegoalsof these effortsareto address how much coral hasbeen lost on aregiona
scale, thepotentia for recovery, and possible humaninterventionsthat may reducethetimerequired for
natural recovery. Thisincludes:

1) recent monitoring programsfocusing on particular reefsfor which thereishistoricinformation;
new regional monitoring or assessment programs, and detailed monitoring of individua coloniesand
recruitsto eval uate their potentia survivorship and causesof mortdity.

2) geological research to characterizethe historic range and abundance of populations; to determine
whether therecent declineisaunique occurrence over thelast 10,000 yearsor whether thereare
gapsinthe Acropora record that would indicate that these species have been extirpated at some
earlier period; and to determinewhether thethreats affecting coral populationstoday were present
inthe padt.

3) genetic studiesto establish linkageswithin and among popul ations; the degree of reproductive
isolation; and theimportance of sexual reproduction asapossible strategy to enhance species
persistenceand promote recovery through recruitment from distant locations.

4) mapping effortsto characterize the extent of Acropora habitat and the current and historical
abundance of thesecorals.

5) modelsto help evaluaterelationships between life history characteristics, storm eventsand other
disturbances ontheresilience and persistence of these species.

6) novel techniquesto propagate and transplant fragmentsinto degraded areas; toimprove habitat
quality; to enhance sexua recruitment; and to addressthreats(i.e. predators).
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WORKSHOP OBJECTIVES

I nformation from recent monitoring and assessment programslike AGRRA will be supplemented with data
compiled during thisInternational Caribbean Acroporaworkshop, with contributionsfrom coral reef
ecologists, biologistsand geologists, aswell asresource managerswith expertisein coras. Participants
weretasked with presenting an up-to-date review on the status and trends of these coralsfromreefsinthe
U.S. andthewider Caribbean, including threats, patternsof recovery, existing management actionsdesigned
to protect remaining “ healthy” popul ationsand restore/rehabilitate degraded popul ations, and additional
conservation actions necessary to enhancerecovery of thesecorals.

Thebulk of theworkshopinvolved four concurrent working groupsthat weretasked with:

1) evaluating thefive primary factorsused to evaluate an ESA listing, and therisk of extinction based on
theknown thrests,

2) compiling variouslifehistory traits, demographic and genetic parametersthat areavailabletoassistin
making a determination of therisk these speciesfaceand their potentia for recovery;

3) reviewing exigtinginternational and domestic regulationsand their adequacy and effectivenessat
protecting and restoring these species,

4) evaluating the benefits/costsof a threatened or endangered ESA listing for Acropora spp., including
the effect thiswould have on associated speciesand coral reef ecosystems;

5) identifying critical habitat designation essentia to the conservation of these species;

6) proposing possi ble conservation strategiesfor degraded popul ations, including specific criteriathat
would be needed in arecovery plan; and

7) identifying uncertainty regarding the status, abundance and trends; thelevel of precaution necessary
to reduceextinction risk; and research needsto fill information gaps.

Would Acroporid CoralsBenefit fromaThreatened or Endangered Listingon the ESA?

Theworking groupsweretasked with eval uating existing information on the biology, statusand trendsand
threats, and application of new tools, to determinewhether Caribbean Acroporidshavedeclinedto an
extent where 1) thereare substantial risksfrom existing threats; 2) popul ations are predi cted to continueto
beaffected by thesethrests; 3) populationsare unlikely to recover without management interventions; or

4) populationsarelikely to undergo natural recovery under existing environmental conditions. The
participantsal so discussed the adequacy of existing conservation and management measures, new measures
that could be applied, and whether an ESA listing would hel p promoterecovery. Therearefour specific
itemsthat need to be eval uated with regardsto apossiblelisting decision:

A. AreAcroporidsat risk of extinction or likely to becomethreatened with extinction in theforeseeable
future?

B. Would alisting action reducetherisk of extinction?
C. Areother management mechanisms sufficient to protect these corals?
D. Dothese speciesexhibit ecologica characteristicsthat benefit other species, the ecosystem or associated

ecosystems?
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ConsiderationsWhen Evaluating Whether these SpeciesQualify for an ESA Listing:

A. Factors cons dered when examining whether Acroporidsareat risk of extinction or likely to become
threatened with extinction in theforeseeablefuture:

* lifehistory traitsthat increase or decreasethelikelihood of extinction

* recent and projected trendsin abundance and range

* current population sizeand composition

* rangeszeanddidribution

* reproductive capacity and recruitment potential

* degreeof threat from disease and/or predation and other natural and anthropogenic stressors
* other biological or environmental parametersrel evant to speciessurvival

» modesto predict thelikelihood of extinction that incorporate demography, threats, and life history
parametersfor asessile, colonial organism

B. Factors considered when eva uating whether alisting action would reduce therisk of extinction:

* minimizeimminent extinction of these speciesand possibility of long-term extinction

* choose speciesthat aremost likely to benefit from protection under the ESA

* likelihood that aspecieswill respond to management regime proposed under arecovery plan
 easeof completing required management actions

C. Factorsconsidered regarding whether other management mechanismsare sufficient to protect these
coras:

* existing toolsresource managers haveto protect and restore coral populations
* new mechanismsbeing considered, devel oped, or applied that will benefit thesecoras
* locd, nationa andinternationa (regional) mechanisms

D. Factorsconsdered when eva uating whether these speciesexhibit ecological characteristicsthat
benefit other species, the ecosystem or associated ecosystems:

» cover themost speciespossibleper listing action

* target ESA listing actionsto those speciesthat havelargeinfluenceson ecological processeswithin
the ecosystem they inhabit

» choose"umbrella’ speciesto convey benefitsto associated specieswith shared habitats or threats
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TERMS OF REFERENCE FOR THE WORKING GROUPS
Statusand TrendsWorking Group
+ Develop statusreportsfor the Caribbean region, Florida, Puerto Rico, andthe USV1.

« |dentify and characterize the threatsthat haveimpacted popul ations, wherethese occur, and whether
they areongoing.

« Estimatethe number and percentage of reefs (or survey areas) with remaining populationsin
excd lent condition, including popul ations at the geographic limit of the species, and popul ationsthat
could provide animportant source of recruitsduetotheir location.

« Estimatethe percent of reefswherethese coralshave declined substantially from somehistoric level
and the percent of reefswhere substantial recovery isoccurring.

» Characterize changesamong popul ationswithin reefs (including the extent of expansioninto new
habitats/depths and/or shiftsin distribution (i.e. lossof populationsat certain depths), and factorsthat
may have mediated these changes.

« |dentify gapsin assessment and monitoring information (Specific countriesor locationswherethecora
isthought to occur, or oncedid occur but no recent informationisavailable) and what isneeded to
obtainthisinformation.

« Destribedifficultiesin ng Acropora populations, colonies, fragments, sexua recruits, partial
mortality, and other population parametersand how thiscan be overcome.

» Provide suggestionson thetype of demographi c parametersthat should beincludedina monitoring
program and how these can be applied to amode to predict risk of extinction.

Biology and Ecology Working Group

- Evauatelifehigtory traitsand their rel ationshi pswith popul ation viability, persistence, and potentid for
recovery, including contribution of asexual and sexual reproduction, dispersal, potential for inbreeding,
effect of fragmentation on growth and reproduction, and other consequencesof lifehistory traits.

« Assessecologica, biological, or physical factorsthat affect colony surviva, relationshipswithlife
history traitsand regenerative capacity, competitive ability, and resistanceto stressors.

« Discusspossibleimplicationsof lifehistory onthe genetic structure of populations.

« Assessrel ationshi psamong genetic diversity and morphologicd variation and fitness, survivd, partia
mortality, potential for recovery, and adaptive significanceof theseparameters.

« |dentify information gapsregarding thebiology, life history traits, taxonomy, geneticsand what is
needed to addressthese gaps.

- Evauatethefactorsthat need to be cons dered when devel oping restoration strategies based onthe
life history, biology, and ecology of these species.

« [dentify life history traitsthat need to beincorporated into apopul ation model to predict futuretrends
and how you would quantify these.
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Management Wor king Group

- Evaluateexisting legidation, regulations, statutes, management approaches, and conservationinitiatives
that apply to coral reefsin U.S. waters (state/territorial/federal), in other countries, and regiona
initiatives, their effectivenessat protecting these coralsand enhancing recovery potentia, and where
they arebeing applied.

« |dentify measuresthat would enhance compliance with existing conservation and management
drategies.

« Recommend additional measuresthat could beimplemented onalocal, national, and regional scalethat
arenecessary to addressthreats aff ecting these species and can hel p rebuild popul ations, and where
these need to be applied.

« |dentify approachesto enhance national and regional collaboration.

« Evduate the benefits/drawbacks of an ESA listing, locationswherethislisting would be most effective,
and thetype of issuesthat thelisting would haveto addressto mitigate threats.

« |dentify information needed (research, monitoring, restoration, etc.) by resource managersthat would
hel p assi st managersin protecting remaining coral sand rebuilding popul ations.

« Examinethe potential implicationsof not taking additiona stepsto conservethese speciesand thereefs
wherethey occur.

I nfor mation Acquisition Working Group

« |dentify and eval uate monitoring approachesthat have been applied or need to be applied to assess
statusand trendsin these species, including waysto quantify abundance, cover, variouslifehistory
stages (i.efragments, sexual recruits, standing colonies), partial mortality, and other demographic
parameters.

» Discussthe use of remote sensing and other survey techniquesasatool to identify and characterize
critical habitat, including geographiclocationsand aerial extent of thishabitat, aswell asthe historic
range/ abundance of the species. 1dentify areaswherethisisbeing applied, problemswith existing
methodologies(i.e. arethesetool scapabl e of identifying habitat of deeper A. cervicornispopulations,
water clarity etc.), and additional needs.

« Examineand eva uate geol ogical information obtained from coring, intermsof historical extent and
range of these species, the ecological history of reefsand these corals, mortality events, causes of
mortality, and whether recent mortality eventsand other ecologica changesthat affect the potential for
recovery (i.e. phase shifts) are unique and possibly dueto humanimpacts, or whether anthropogenic
impactsareaminor factor.

« |dentify and eval uate techniquesto propagate these coral sand to restore popul ationsfollowing
disturbance eventsincluding transpl antation of propagul es, stabilization of fragments, and removal of
“pest” species; wherethese approaches have been undertaken, their value and effectiveness, and
problemswith existing approaches.

- Develop criteriaregarding appropriate strategiesto devel op cora nurseries, guidelinesfor collecting
fragmentsfor maricultureand aquaculture, and guiddinesfor trangplantation and restoration efforts.
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Report from the Biology and Ecology Working Group

Compiled by DiegoLirman
Working Group Members: IlianaBaums, John Bythell, Diego Lirman, Elizabeth Gladfelter, Margaret
Miller, Erich Mueller, Antonio Ortiz, PaulaRueda, Bernardo Vargas, Mark Vermeij, S. Vollmer, and Ernesto
Wl

INTRODUCTION

TheWorking Group was charged with eval uating thelife history characteristics and the genetic makeup of
Acropora popul ationsand how thesefactorsinfluence the success of these species, including their ability to
persist under varying environmenta conditionsand their ability to recover following abiotic or abiotic
disturbance. Thegroup wasa so charged with eval uating theimportance of these speciesin termsof
essential habitat for other species, reef construction and other factors. Finally, the group wasasked to
discussthe most appropriate conservation strategies to enhance recovery, based on the biology and ecology
of these species.

1. TheRoleof Acroporid CoralsasEssential Reef Habitat

Acroporid corasplay amgor rolewithin reefsof the Caribbean reef communitiesby providing the
geologicd, physca, and biologicd foundation for the devel opment of numerous shallow reef communities
(e.g., Adey, 1975; Hubbard et al ., 1994; Aronson and Precht, 1997). Their recent decline (up to 95%
mortdity at somelocations) withinthelast three decadeshashighlighted their critica ecological rolewithin
reefswherethey havehistorically supported avery productive reef community that dependson these
speciesdirectly for food and refuge (Table 1). Coring studies have documented the geol ogicimportance of
Acropora spp. asreef builders(e.g., Hubbard et al., 1994; Aronson et a., 2002). Thefast growth rates of
Acroporid speciesaswell astherapid accretion rates of Acropora-dominated reefshasallowed
populations of these corasto keep up with sealevel risethrough the Hol ocene (although popul ationswere
drowned and replaced by other coral speciesat many locations) (Gladfelter et al., 1978).

Theroleof Acroporidsasstructura (or foundation)* specieswithin reef communitieshasbeen well
documented. Lirman (1999) showed an association between the distribution of fish schoolscomposed
mainly of gruntsand snappersand Acropora palmata colonies. These schools, which oftenremaininthe
samel ocation for extended periods, utilize thetopography offered by the elkhorn branchesasdiurnal refuge.
Fish aggregationsnot only composed alarge portion of fish biomasson thereefssurveyed, but they could
also contributeto theflux of material sfrom surrounding vegetated areasto the reef through their daily
feedingmigrations(Meyer et a., 1983; Parrish, 1987). Theexcretory products of thesefish schoolscan
also contributeto the productivity of coralsand agaeinthe areasurrounding their refuge (Nel son, 1985;
Bray et d., 1986), and even stimulate coral growth by providing nitrogen supplements (Meyer and Shultz,
1985 a, b). Direct associations between Acroporid coralsand other reef fishes such asdamselfishes,
squirrelfish, glassy sweepers, and many othershave also been reported (e.g., Emery; 1973; Clarke, 1977;
Itzkowitz, 1977; Gladfelter and Gladfelter, 1978; Wal dner and Robertson, 1980; Meyer et al., 1983;
Meyer and Shultz, 1985a, b; Thompson et al., 1990; Williams, 1991, Clarke, 1996). Inaddition,
Acroporid corals provide essentia habitat (i.e., food, refuge, recruitment habitat) for turtles, lobsters, crabs,

ISpecies of large effect fall into two general categories: 1) structural or foundation species, which provide most
of the three-dimensional architecture in which other species find shelter and food; 2) keystone species, which by virtue of
their high rates of consumption and their generalized diets, exercise disproportionate control over the distributions,
population sizes, activities, and adaptive characteristics of many other species (Vermeij, 2001).
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echinoids, and gastropods. These documented rel ationships suggest clearly that changesin the extent and
composition of Acropora spp. populations can result in significant changesin associated reef fauna.

Resolution: The structural and ecological roles of Acroporid coralsin the Caribbean are unique
and can not be filled by other coral species. Their rapid accretion rates and structural
complexity are unmatched. The loss of these characterstics will likely result in a significant loss
of reef function and structure. At present, thereis no indication that any other Caribbean coral
species can replace the important role that Acroporid corals play within reef communities of the
region.

2. Disturbanceand Acroporid Populations

At therecent Acropora Workshop, membersof the biology and ecology working group discussed the
response of Acroporid coralsto multiplestressors. Based on published reportsand persona observations,
the patternsof susceptibility, resistance, and resilience of theseimportant coral speciesto stressare
summarizedin Table2. Withinthistable, both documented and potentia sourcesof disturbanceare
included to highlight the possibleimpact of future disturbance on therecovery of Acroporid corals, andto
indicate areaswhere active management practicescan play arolein mitigating theimpactsof stressors.

Resolution: Two sources of disturbance, diseases and storms, were identified as the main
contributors to the regional decline of Acropora spp. In addition, sources of mortality such as
chemical pollution and space competition from excavating sponges, were identified as “ emerging
issues’ where more research is needed to fully predict their impacts.

3. Coral Diseases

Thedrastic declinein the abundance and cover of Acroporidsinthe Caribbean dueto white-band disease
(WBD; apresumed bacteria infection specific to thisgroup) hasbeen documented by Gladfelter (1982),
Bythell and Sheppard (1993), and Aronson and Precht (2000, 2001). Unlike other sourcesof disturbance
with mainly localized impacts such ashurricanes, theimpactsof WBD on Acroporid corashave been
region-wide (reviewed by Aronson and Precht, 2000). Thisunprecedented decline haschanged the
structure of shalow coral reefsdramatically. Thereplacement of Acroporidsby other coral speciesand/or
macroa gae hasmodified historical reef zonation patterns once defined by the dominance of Acropora
palmata at shallow forereefs(0-5m) and A. cervicornisat intermediate depths (5-25 m) (Geister, 1977;
Adey, 1978; Aronson and Precht, 2000).

Resolution: White-band disease, which affects both Acropora palmata and A. cervicornis, is
believed to have been the principal cause of mortality in these species throughout the Caribbean
region in the past two decades.

4. Hurricanesand Tropical Storms

Theimpactsof hurricanesand tropical stormson Acroporid species have been summarized by
Harmelin-Vivien (1994), Lirman (1997), Aronson and Precht (2000), and others. Their branching
morphology and their ocation within shallow, wave-exposed areas of reefsmake Acroporidshighly
susceptibleto physical disturbance. Fragmentation and dislodgment of Acropora spp. werereported after
Hurricanes Hattie (Stoddart, 1963, 1965; Zeaet d., 1998), Edith (Glynn et a., 1964), Gerta(Highsmith et
al., 1980), Allen (Woodley et al., 1981), David and Frederic (Rogerset a., 1982), Hugo (Gladfelter,
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1991), Joan (Zeaet al., 1998), Gilbert (Kobluk and Lysenko, 1992; Jordan-Dahlgren and Rodriguez-
Martinez, 1998), and Andrew (Lirman and Fong, 1996, 1997), aswell asafter Tropical StormsBret (Van
Veghel and Hoetjes, 1995) and Gordon (Lirman and Fong, 1997).

Thedirect and indirect impactsof ssormson Acroporid popul ations can besignificant in termsof tissue
mortality, fragmentation, and colony disodgment. However, theability of Acropora spp. toform new
coloniesfrom fragments(e.g., Bowden-Kerby, 1997; Lirman, 2000), together with thereportedly low
success of sexual recruitment in thisspecies(Dustan, 1977; Bak and Engel, 1979; Hughes and Jackson,
1980, 1985; Rylaarsdam, 1983; Rosesmyth, 1984), suggest astrong connection between storm
disturbance and persistence of thisgroup.

Resolution: Acroporid corals may require a certain storm frequency to be able maintain and
expand populations through asexual recruitment when sexual recruitment is limited. However, a
frequent occurrence of storms, or a particularly intense hurricane may impact colony and
fragment survival.

5. Reproductive Char acteristicsof Acroporids
A. Sexual Reproduction

Cora coloniesexist asmodules (ramets) capable of surviving aloneor insmall groups. Thesumof all
rametsderived from asingle zygote congtitutesthe coral’ sgenet, which, unlike aclona organisms, canexist
asindependent unitsthat may experience diverse environmental conditions (Coatesand Jackson, 1985;
Heyward and Collins, 1985; Harper, 1985). Acropora palmata and A. cervicornisare broadcast
spawning hermaphroditeswith onereproductive cycle per year (Szmant, 1986; Steiner, 1995). Eggand
sperm bundlesarereleased into thewater column for externd fertilization. The positively buoyant gametes
float to the surfacewherethey can remain viablefor upto 8 hrs. Histologica work and nightly spawning
observationsindicatethat the predicted spawning timefor A. palmatais2-4 nightsafter thefull moonin
Aug/Sept while A. cervicornis spawning has been observed 2—7 daysafter thefull moonin July/August
(Steiner, 1995; Szmant, pers. obs.Vargas-Angel & Thomas 2002, pers. obs). However, Acropora spp.
appear to bemuch less predictablein their spawning activity than other well-studied groups (e.g.,
Montastraea spp.). For example, ahistological study by Jaap et al. (unpublished) of A. palmatainthe
late 70's-early 80's showed no gonad devel opment during 2 of the 5 yr study whileall other species
examined were consistent acrossyears. Also, no A. pal mata spawning was observed during the night 2-4
window inAug 2000in Key Largo, FL andin LaParguera, Puerto Rico (M. Miller and Szmant, pers.
obs.). InAug 2001, A. pal mata spawning was observed in the FloridaK eys but on night 5 after thefull
moon, onenight “late’ (M. Miller, pers. obs.).

A. palmata spawn has been successfully raised to settlement in laboratory and field enclosures (Szmant &
M. Miller, unpubl). Inthelaboratory, competence of planktonic larvae wasdocumented at 5 days.
Zooxanthellae, perhapstaken up from conditioned reef rubble offered as settlement substrate, were
observedinthetentaclesof theinitia settled polyps. However, the mechanism of zooxanthellaetransfer or
uptakeisunknown at present. Successful culturesfrom spawn to settlement weremade at Key Largo Dry
Rocks, Floridain 1996 and 1997 (Szmant, pers. comm.).

Resolution: For Acroporid corals, which exhibit reportedly sporadic or limited sexual
recruitment, asexual reproduction can play a major role in maintaining local populations.
However, as population abundance decreases or disturbance patterns increase to the point where
remaining coral populations are no longer able to survive and propagate by asexual means, the
relative importance of sexual reproduction and recruitment increases.
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Whilethe energeticinvestment in gamete production and rel easeis apparent, sexua recruitsof Acroporids
wereabsent, or present in very low numbers, in severa settlement studies, leading to thegeneraly
accepted conclusion that these speciesexhibit low levelsof sexua reproductive success(e.g., Dustan,
1977; Bak and Engel, 1979; Hughes and Jackson, 1980, 1985; Rylaarsdam, 1983; Rosesmyth, 1984;
Knowltonetal., 1990). Althoughthismay still betrue, researchersat the Acroporaworkshop believe
that the observed patternsof limited sexual recruitment successmay not represent necessarily alife-
history characteristic of thisgroup. Infact, it was concluded that the documented patternsmay bean
artifact of: 1) the methodsused in these studies(i.e., settlement tilesthat may not offer the appropriate
settlement substratefor Acroporids), 2) thetiming of most of these studies(i.e., after theonset of the
regional declineof Acroporidswhen adult densitiesweredrastically reduced), and 3) the duration of these
studies(i.e., never long enough to capture stochastic settlement events).

Resolution: Anecdotal evidence and observations made by reef researchers at several locations
throughout the region indicate that both A. palmata and A. cervicornis do indeed recruit
sexually onto reefs and that in several instances (e.g., Tague Bay Reef and other north shore
reefs of St. Croix, USVI, Gladfelter, pers. obs.) populations that have experienced major
declines (< 90%) are presently showing signs of recovery from newly settled sexual recruits.

B. Asexual reproduction

In contrast to thelimited information available on the patterns of sexua reproduction and recruitment for
Acroporid corasintheregion, patternsof asexual reproduction through fragmentation arewell
documented, and several consequencesof asexual reproduction have been suggested for corals (Table 3).
Theorganization of coral coloniesinto modulesalowsthe biomass of agenotypeto increase beyond the
mechanica limitsof individual coloniesby theformation of tissueisolatesand fragments (Jackson, 1977;
Hugheset d., 1992). When growth-ratesdeclinewith increasing colony size (e.g., Maragos, 1974;
Loya, 1976; Hughes and Jackson, 1985), fragmentation may hel p maintain high growth-ratesby
“pruning” colonies, creating new, smaller units. Thelarger size of fragmentscompared to sexualy
produced cora planulae may result in higher survivorship after recruitment (Jackson, 1977) and the
colonization of areasnot suitablefor larval devel opment, such as soft-bottom habitats (Highsmith, 1982;
Heyward and Collins, 1985). Within popul ationsthat experienced recent storms, A. palmata fragments
can comprisealarge percentage of rametsaswell ascover alarge percentage of the bottom (Highsmith,
1982; Lirman and Fong, 1997). Similarly, demographic studiesof A. cervicornis distributed ong the
coastal watersoff Fort Lauderdale, Floridarevea ed that fragments can comprise over 40% of the
staghorn coral population at the study sites(Thomaset ., 2000; Vargas, unpub. results).

Asexua propagation through fragmentation isoften concentrated in time and fragmentation fol lowed by
fragment stabilization can resultinarapidincreasein ramet abundanceand coral cover, leading to space
monopolization by fragmenting coral species(Lirman and Fong, 1997; Lirman 2000a). Unlike sexual
reproduction, whichishighly seasonal for Acropora palmataand A. cervicornis(Szmant, 1986),
fragmentation cantakeplaceyear-round. Similarly, successful asexua reproduction of coloniescantake
placeeven at low colony abundance and does not require multiple coloniesfor gamete concentration and
fertilization.

Despite these potential benefitsof fragmentation, there are negative consequences associated with this
processthat need to be considered (Table 3). Thefina outcome of fragmentation may beatotal increase
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inbiomassafter aperiod of growth (Clark and Edwards, 1995), but initial tissuelossesand thereduction
incolony size can produce negative consequences as colony sizein cnidarians hasbeen directly associated
with survivorship, growth, and reproduction (e.g., Connell, 1973; Loya, 1976; Highsmith, 1982; Jackson,
1985; Karlson, 1986, 1988; Hughesand Connell, 1987; Lasker, 1990; Babcock, 1991; Hugheset al.,
1992). Theimmediatetissuelossesafter fragmentation can besignificant. Fragment survivorshipis
influenced by thetype of substratumwherefragmentsland. InFlorida, fragmentsthat landed on top of
liveelkhorn coloniesfused to the underlying tissuerapidly and showed no signsof mortality. Incontrast,
fragmentsplaced on sand lost 58% of their tissue within thefirst month and 71% after four months
(Lirman, 2000a). Similarly, thesurvivorship of A. cervicornis fragmentsisstrongly determined by the
type of substratum and fragment size (Bowden-Kerby, 1997; Vargas, unp. results).

During fragmentation, skeletal lesionsareformed on both the fragments and the source colonies, and the
recovery of lesions has been shown to be aconsi derable energetic drain on the damaged colonies
(Meesters 1996, 1997). Furthermore, sincelinear growth can not resume until lesionsarerecovered and
axial polypsform, lesionscan aso reducethe growth rates of damaged colonies (Lirman, 2000b).
Similarly, the colonization of lesions by bioeroders can weaken coral colonies (Hernandez-Avilaet dl.,
1977; Mitchell-Tapping, 1983).

Severefragmentation, ascommonly observed after storms, may limit future sexual reproduction by
reducing the biomassof coloniesand shifting theenergy alocation of damaged col oniesfrom reproduction
to stabilization and regeneration (Van Veghel and Bak, 1994; Van Veghel and Hoetjes, 1995; Hall and
Hughes, 1996). Lirman (2000a) showed that hurricane-damaged A. palmata coloniesand fragmentson
Floridareefsdid not produce gametes until fiveyearsafter theinitia disturbance. Also, thesizeand
weight of fragmentsmay limit their dispersa range (Williams, 1975; Wulff, 1985; Jackson, 1986), dowing
therecovery of damaged areaswherethe cover of adult colonieshasbeen reduced significantly (Aronson
and Precht, 2001; Precht et al., 2002). 1nsuch cases, recovery will depend on the recruitment of sexual
propagul es produced in distant, undisturbed areas (Connell and Keough, 1985).

Resolution: The information available on patterns of asexual propagation has shown that,
under the right environmental conditions, fragmentation followed by fragment stabilization,
survivorship, and regrowth can provide an efficient mechanism for maintaining and expanding
Acroporid populations. However, while fragmentation followed by fragment stabilization and
growth may have been sufficient to maintain and expand Acroporid populationsin the past,
recent patterns of regional decline have increased the reliance of these species on sexual
recruitment as a means of establishing and sustaining populations. Accordingly, the regional
recovery of Acroporid populationswill depend largely on the future success of sexual
recruitment.

6. Genetic Statusof Acropora Populations
Acroporid populations showed asignificant Caribbean-wide decreasein the 1980s attributed, at leastin
part, to the epizootic white-band disease, adisease specificto thisgenus (Antonius 1981; Gladfelter

1982; Peters1993; Aronson and Precht, 2001). Moreover, the branching Acroporidsare especially
susceptibleto the physical damage caused by stormsthat haveresulted in significant additional 1osses
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(e.g., Woodley et a., 1981). Declinesof up to 95% attributed to these and other stressors have been
observed at locationsthroughout the region where A croporids were once the dominant on shallow reef
ZOnes.

Resolution: In light of the recent drastic decline of these critical structural (foundation) species,
it isimportant that we understand the influence of disturbances on the genetic composition and
genetic variability within and among Acroporid populations. Furthermore, faced with the
uncertainty about their recovery and long-term status it is important to determine whether these
disturbances have modified underlying genetic variability, favoring locally adapted, disturbance-
resistant populations. Thisinformation will be crucial to: 1) evaluate, based on present genetic
structure, the potential impact of future disturbances, and 2) determine, based on prior genetic
exchange, the recovery capability of local populations from remaining regional sources of
propagules. Similarly, information on the clonal structure of the populations will aid in the
decision making process on marine reserves and management plans by identifying specific
locations and populations at risk based on factors such as genetic isolation and genetic
structure.

Acropora spp. intheregion reproduce both sexually and asexually. Asexual reproduction, whichisa
common reproductive and propagative strategy inthisgroup (e.g., Tunnicliffe, 1981; Highsmith, 1982;
Lirman, 20004), leadsto the multiplication of agenotype and resultsin an assemblage of genetically
identical individuasor clones(Carvalho, 1994). Asexual reproduction per sehasno effect onalelicor
genotypic frequenciesin populations. It doesnot alow for genetic segregation and recombination,
however, and so preservesthe effects of selection, genetic drift, or founder effect on genetic diversity. In
addition, A. palmata and A. cervicornisreproduce sexually by releasing egg-sperm bundlesin the water
(broadcast spawning; Szmant, 1986; Steiner, 1995). The pelagic life stage providesthe opportunity for
long-distance transport of larvaewith the surface currents (Sheltema, 1977; Crisp, 1978).

The dominance of asexua reproduction combined with broadcast spawning may havesignificant
implications on the damage and recovery patternsof Acroporid populationsand hasled to aprediction of
smdll effective population sizeand low genotypic diversity within Acroporid populations. Asearly as1983,
Bak (1983) hypothesized that high asexual reproduction rates can lead to low genotypic diversity sothat
Acroporidsare more susceptible to disease compared to non-branching species.

Theeffective population size (i.e., the number of breeding individual s) reachesamaximumwhen all genets
contributeto the next generation. Acroporid populationsare expected to haveasmall effective population
szeif bothfertilization success of spawned gametesand therecruitment of larvaeare highly stochasticand
dependent upon loca conditions. By chance, only afew individuals might contribute alarge number of
offspring to the next generation (sweepstake effect; Hedgecock, 19944, b). Once coloniesbecomerare,
the distance between them might limit fertilization success (Allee effect) evenfurther. Thisisimportant for
already declining Acroporid popul ations because small effective population sizesarefar more proneto
extinction dueto demographic stochagticity, reductionin genediversity, or accumulation of deleterious
mutations (Grosberg and Cunningham 2000). The consequencesof asexual reproduction on genotypic
diversity depend largely onthefrequency of sexud recruitment and genet longevity. Empirical and

theoreti cal studieshave suggested that genotypic diversity at alocal scae might decrease over timethrough
elimination of genets by intraspecific competition or stochastic effects. Incontrast, genotypic diversity
might remain highif sexua recruits, however rare, have along life span after establishment (McFadden,
1997).
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Resolution: The scientific capability to assess the potential for recovery of Acropora spp.
populations by sexual propagation of surviving populationsis seriously impaired at present by
the general lack of knowledge of the different aspects of this process. Thiswas identified as a key
research area where efforts need to be allocated in the future to determine: 1) spatial and
temporal patterns of gamete formation and release, 2) size-stage thresholds for gamete
production, 3) within and among colony variability in gamete production, 4) fertilization
patterns, 5) transport and duration of larval stages, 6) larval survivorship patterns, 7) settlement
requirements and preferences of coral planulae, and 8) early survivorship and growth of sexual
recruits.

Inan early study to detect clonal identity with Acroporid populations, Neigel and Avise (1983) utilized self-
recognition analysesto show that: 1) A. cervicornisclonesdo not extend further than 20m, 2) oneclone
may dominateareasof 10m?, and 3) clonesaregeneraly spatialy discretewithtight boundaries. However,
the genetic basisof tissue compatibility has since been chalenged by studies showing fusion of
electrophoreticaly distinct ramets. Analysisof protein (allozyme) and DNA markersshow patternsfrom
dominantly asexua to dominantly sexual reproductioninthe Scleractinia. Evenwithinthesamespecies,
contrasting reproductive behavior over large geographical scalesisnot exceptiona (Harrisonand Wallace,
1990).

Thegenetic structure of A. palmata populationsiscurrently under investigation (Baums, in progress). Both
clona structureand reef connectivity will beestimated by combining highly variable, mendelian markers
(microsatel lites) with anested sampling approach on avariety of spatial scales. Genetic analyses conducted
by Vollmer and Palumbi (2002) clearly showsthat the three Caribbean Acropora compriseanatural
hybridization systemwith A. prolifera beingamorphologically variable, first generation hybrid of

A. palmata and A. cervicornis. Whilethe parent speciesA. cervicornis and A. palmata are genetically
distinct, rare backcrossing of A. proliferawith A. cervicornisallowsfor limited mitochondrial and nuclear
introgression (Vollmer and Palumbi, 2002). Asaresult, thegenomeof A. cervicornismay be sprinkled
with A. palmata genes. Animportant distinction for the statusand conservation of A. cervicornis isthat
thegenetic datashow it isadistinct speciesor genetic lineage, despiteitsintrogression. Oneavenueof their
on-going research isto assessthe potentia role of geneticintrogression ontherelativefitnessof

variousA. cervicornisgenotypes. Inaddition, with the genetic markersused for the hybridization work,
they area so characterizing levelsof genetic diversity and popul ation structure of A. cervicornisthroughout
the Caribbean. Preliminary datasuggeststhereispopulation structureamong islands, and potentially even
over small spatial scales(ca. 20kms), and varying degreesof genetic diversity withinlocal populations. In
Puerto Rico, for example, they arefinding surprisingly highlevelsof genetic diversity at somesites(ca. 1
genotype per 5m), while other sites appear to be dominated by asingleclone.

Resolution: The preliminary results highlighted here can have important conservation
implications — namely, each coral population should be considered individually and any
conservation strategy (esp. transplantation studies) should take into account preserving
‘meaningful genetic diversity’.
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Table 1. Contribution of Acroporid corals to the reef communities of the Caribbean region

*« REEF-BUILDING / FRAMEWORK CONSTRUCTION
*« CARBONATE DEPOSITION

*« TOPOGRAPHICAL RELIEF / COMPLEXITY

*« ESSENTIAL HABITAT FOR ASSOCIATED REEF SPECIES
*« PROTECTION FROM EROSION / WAVE ACTION

*« BIODIVERSITY

*« MICROHABITAT DIVERSITY

*« AESTHETICS

*« SCIENTIFIC VALUE

«« EDUCATIONAL VALUE

*« RECREATIONAL VALUE

*« COMMERCIAL VALUE

Table 2. Stressor-response characteristicsof Acroporid coralsinthe Caribbean. Theinformation
included in thistableisbased on published reportsand expert opinion recorded at the Caribbean
Acroporid Workshop, April 16-18, 2002, Miami. Whiletheinformation provided hereemphasizes
documented responses of Acroporid corasto stressors, it isrecognized that stressorsknown to affect
other coral speciesmay influence Acroporidsin similar fashion even when datato test thisare not
avallable. Similarly, while thedirect effectsof individua stressorsare emphasized here, itisrecognized
that many stressors haveindirect and synergistic effect pathwaysthat need to be considered. Lastly,
whiletheletha effectsof stressorsare emphasized here, it isrecognized that many of these stressors
commonly have sub-letha effectssuch asreduced cacification, growth, reduced reproductive output,
and reduced recruitment that can haveimportant consequences on thelong-term survivorship of these
species. Emergingissuesarerecognized as potentially important stressorsfor which limited informationis
availableand moreresearchisneeded. Susceptibility: High, Medium, Low; Effects: L ethal (wholecolony
mortdity), Partia (patchy tissuemortdity), Minimum; Spatial Extent: Regiond, Local; Resilience(i.e,
timerequired to recover fromimpacts): High, Medium, Low; Effect Pathway: Direct, Indirect
(mechanism). * Although bleaching iscommonly recognized asacoral responseto stress, itisincludedin
thislist duetothepotentia role of bacteriain causing thisresponse.
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Table 2. Stressor-response characteristicsof Acroporid coralsin the Caribbean.

STRESSORS Susceptibility Effects Spatial Extent Resilience Effect Pathway

Diseases / Pathogens

White Band Disease High Lethal Regional Low Direct

Patchy Necrosis / White High Partial Local - Regional Medium - Direct

Pox High

Bleaching * Low - High  Partial - Lethal Local - Regional Low Direct

Physical Damage

Storms High Minimum - Local - Regional Low - High Direct

Lethal

Groundings / Anchor Medium- High Minimum - Local Medium - Direct

Damage Lethal High

Competitors

Snails (Coralliophila  Low - High  Partial - Lethal Local Depends on  Direct

abbreviata) (depend on extent of

population predation

Fireworms Low - Medium Partial Local Medium Direct

(Hermodice

carunculata)

Danselfishes Low - Medium Partial Local Medium Direct + Indirect (algal
competition)

Parrotfish Low - Medium Partial Local Low Direct + Indirect (algal

(Sparisomaviride) ~ (depend on competition)

population
Bioeroders Low - Medium Partial Local Medium-  Direct
High

Sea Urchins Low Minimum Local High Direct + Indirect
(fragmentation)

Clionid Sponges High Lethal Local - Regional Low Direct

Macroalgae Medium Partial - Lethal Local - Regional Medium Direct + Indirect
(recruitment)

Temperature Unknown Lethal at Local-Regional ~ Low at Direct +Indirect

extremes extremes (bleaching)

Irradiance Unknown  Unknown Local - Regional Unknown  Direct (UV) +
Indirect (bleaching)

Reduced Water Medium- High Lethal if Local Unknown  Direct + Indirect

Motion persistent (bleaching)

Siltation Medium Partial Local Medium-  Direct + Indirect

High (recruitment)
Salinity Unknown Unknown Unknown Unknown  Unknown
Nutrients Unknown  Unknown Local Unknown  Direct + Indirect

(recruitment, algal
competition, bioerosion)

Solid Waste Low Partial Local Medium-  Direct
High
Chemicals Unknown Unknown Local - Regional Unknown Direct
(Emerging issue)
Increased CO2 Unknown  Unknown Regional Unknown  Indirect (calcification)

(Emerging issue)
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Table 3. Potential benefits and consequences of fragmentation and asexual
reproduction of Acroporid species in the Caribbean.

POTENTIAL BENEFITSOF FRAGMENTATION

. RAPID SPACE MONOPOLIZATION

. REPRODUCTION IN ISOLATION (NO CROSSING)
. HIGH SURVIVORSHIP OF PROPAGULES

. REDUCED SEASONALITY

. INCREASED LOCAL ABUNDANCE

. INCREASED BIOMASS (AFTERREGROWTH)

. COMPETITIVEADVANTAGE

. EXPANDED HABITAT SUITABILITY

. REEF EXPANSION / CREATION OF PRIMARY SPACE
* AVOIDANCEOF SIZE/SHAPELIMITATIONS

«  AVOIDANCE OF SENESCENCE

. INCREASED GENET SURVIVORSHIP

POTENTIAL CONSEQUENCES OF FRAGMENTATION

. TISSUELOSSES

. LESION FORMATION

. REDUCED AVERAGE SIZE OF RAMETS

. REDUCED GROWTH RATES

. INCREASED MORTALITY RATES

. INCREASED SUSCEPTIBILITY TO STRESSORS
. INCREASED BIOEROSION

. REDUCED SEXUAL REPRODUCTIVEOUTPUT
. REDUCED PROPAGATION CAPABILITIES

. REDUCED GENETICDIVERSITY
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Report from the Status and Trends Working Group

Compiled by PatriciaRichardsKramer
Working Group Members. Migud Cand's, Edwin Hernandez, Elizabeth Fairey, Jaime Garzon-Ferriera,
Francisco Geraldes, Robert Ginsburg, Walter Jaap, Patricia Kramer, Margaret Miller, Caroline Rogers,
and DanaWilliams.

EXECUTIVE SUMMARY

The Statusworking group (WG) summarized availableinformation on theregional and loca statusof
Caribbean A croporidsand discussed whether these specieswarranted further listing under the Endangered
SpeciesAct (ESA). They estimated 60-75% of the entire popul ation has been examined (or at |east
observed) and concluded enough informati on was avail able to make a determination whether these species
werethreatened or endangered. The WG a so estimated 5% (no more than 10%) of the popul ation resides
within USwaters. The WG devel oped specific productsincluding a® Satus Matrix” and “ Status Map”
that included dataon the distribution, status and threatsto these speciesand a Cross shelf matrix to allow
for amore comparabl e assessment of Acroporid populations. They identified several gapsin geographical
information and prioritized areasto be assessed including Bahamas (especia ly southern), Nicaragua, Pedro
Banks, northern Cuba, Haiti, Banksoff of Turksand Caicos, SabaBanks, eastern Caribbean, and Trinidad
and Tobago. The WG suggested that acombination of several popul ation parameters be considered when
ng the status of Acroporid populations(e.g., abundance, partial mortality, Size structure, survivorship,
genetics) and recommended areasrequiring additional research.

TheWG agreed there hasbeen asignificant declinein Acroporid popul ations and discussed specific
examples (Florida, Jamaica, Belize, Curacao, USV 1) wheregreater than 80% | oss (and up to 98%)
occurred. The WG established the 1970s asabaselinefor “ stable, healthy” populationsand the 1980sasa
basdline of theregiona decline. They noted additiona shifting baselineswereuseful to understand loca and
current declines. TheWG agreed it was both the overal | reduction of populationsthroughout itshistoric
range and fast rate of declinethat makesthese speciesvulnerableto extinction. They did not believethe
geographical range (on ecological scae) had been contracted, although local range reductionshad occurred.
TheWG identified and discussed vari ous sources of mortality and agreed WBD had been the primary cause
of decline, but current impactswere harder to determine.

The WG agreed there hasbeen an overal decline over thelast 10 yearsin A. palmata, with only small
recovery trends. Over thelast year (2001), severa A. palmata populationsare believed to be stable, but
highly vulnerableto disturbance and further decline. Thestatusof A. cervicornishasbeen acontinuing
declinewith no or few signsof recovery over thelast year or 10 years. Threatsto both speciesremain high
and since popul ations are subjected to numerous different stresses, any one severedisturbance event (or
synergistic events) could lead to local extirpationsand one or both species may bevulnerableto possible
extinction.

The WG emphasized akey factor in recovering these specieswasto devel op and implement actionsthat
minimizefurther disturbance and increase population sizes. The WG concluded that Acropora palmata
and A. cervicorniswarranted further listing under the Endangered Species Act (ESA) and would benefit
fromthe protection the ESA affords.
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OVERVIEW

Thegod of the Statusworking group (WG) wasto beginto summarize avail ableinformation on the status of
Caribbean Acroporidsat both regional andlocal scalesand discussthosefactorsimportant in determining
whether these speciesarethreatened or endangered. They focused onfiveareas: 1) minimum and maximum
population estimates, 2) trends; 3) historic and current range; 4) popul ation parameters; and 5) recovery.
Asafirst step, they discussed if therewasenoughinformation currently available to makethe determination
that these specieswerethreatened or endangered. They estimated that over 60-75% of reefsin the Greater
Caribbean has been assessed or monitored (within thelast five years) with sometype of survey. They
suggested there may be someimportant popul ationsin the 25-40% not yet observed (e.g., Cuba, Bahamas,
Saba) important to the persistence of these species. They further estimated that at |east 5% (and probably
no morethan 10%) of the entire Greater Caribbean popul ation resideswithin USwaters, and at | east 80%
of thereefswithin USwaters have been examined scientifically. Despitetheinformation gaps, theWG
agreed that sufficient information existed to make the determination whether these speciesarethreatened or
endangered.

1. Minimum and Maximum Population Estimates

A. Historical distribution and abundance

The WG discussed the historic distribution of Acroporidsand how A. palmata and A. cervicorniswere
once dominant speciescommonly found throughout the greater Caribbean. They agreed that currently,
northern-most A. palmata popul ations extended from southern Floridaand the northern Bahamas (Abaco)
regionto their southern-most populationsnear Trinidad & Tobago (unlikely further south than this)-and the
insular and coastd reefsof Venezuelaand Colombia. Populationsextended to their westernmost rangein
Veracruz Mexicoto their easternmost point in Barbados. IntheU.S., the WG noted the current northern-
most limit for Acropora palmata wasin Broward County, FL and the specieswasunlikely to occur in
Palm Beach County. Giventhe coldwater temperatures (14-15 degreesin many winters) in the Flower
Garden banks, the WG agreed it did not occur there. Acropora cervicornis, they noted, hasasimilar range
except itsnorthern limit was Palm Beach. The WG suggested efforts be madeto confirm the current
distribution of these species, especialy northern and southern most occurrences.

To synthesizeinformation onthe statusof Acroporids, particularly at specificlocationsthroughout itsrange,
the WG developed a* SatusMatrix” (Table 1& 2) and “ SatusMap” (Fig. 1) that included dataon the
distribution, status, and threatsto these species. Distributioninformationincluded location of reef, extent of
distribution, and reef type. Statusdataincluded recent trends, baseline used to determine status source of
information, extent of decline, condition, coral cover, and sexud recruits. Theleve of threat was
categorized into evidence of humanimpact, bleaching, hurricanes, disease, and damselfish, snail or other
predation. Datawas documented from source of information, data parameters measured, other surveys
available, and gapsininformation. Prioritiesfor information needswereasolisted. Membersfromthe WG
wereableto provide preliminary information on FloridaKeysand BNP, US Virgin Idands, St. Thomas, S.
Croix, St. John, Puerto Rico, Dominican Republic, Cuba, Trinidad, Colombia, San Andres, Colombia
(including San Andres), Gonaiveldand, Jamaica, and Pedro Bank. The Satus Matrix wasformattedinto a
guestionnaireand given to other workshop participantswho were ableto provide additional information on
Belize, Netherlands Antilles (Aruba, Curacao, Bonaire), Tobago, Anguilla, British Virgin Idands, Broward
County Florida, and Venezuela (L osRoques). The WG recommended the Satus Matrix questionnaire be
distributed to other expertsintheregion (e.g., through cora list server).
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B. Habitat

Theworking group discussed general habitat requirementsof Acroporidsand factorsthat limited the
distribution of both species. The WG a so discussed the extent of different habitats occupied by these
corasover therange of the species. They agreed that popul ation densities of these species(particularly

A. palmata) varied greatly throughout itsregion, and in addition, population abundancesranged from single,
isolated individualsto large densely aggregated, monospecific thickets. The WG recognizedtheneedfor a
more specific definition of adistinct populationin order to comparethe status of different areas, particularly
without the current avail ability of information on genetically distinct populations. Therefore, the WG
suggested astandardized classification schemefor Acroporid reef types (=population) and developed a
draft Crossshelf matrix (Smilar to Lindeman et. a, 1998). Thematrix included information they had
available onthelocation of Acroporidreefs(e.g., country, latitude/longitude), cross shelf position of reef
[innershelf=first emergent barrier or reef crest, midshelf=Reef crest, outer shelf (to ~30m), offshore(atolls
and offshore)]; water depth, reef position or aspect (e.g., leeward, windward), and wave energy. TheWG
recommended the draft matrix be sent to other Acroporid expertsthroughout theregion for completion.
Thiswould alow for amore comparabl e assessment of Acroporid reef types (=popul ations) throughout the
region (i.e., comparing applesto apples) and the magnitude of adeclining populationin oneareaversus
another areacould be assessed in rel ation to the status of the speciesthroughout itsrange.

Resolution: Once dominant species on shallow reefs (0-15 m depth) throughout the greater
Caribbean, Acroporid abundance has been drastically reduced in abundance and spatial
dispersion. In many areas, previously densely populated subpopulations (or monospecific
thickets) now consist of no or few individuals (e.g., Los Rogues Venezuela). Present and future
likelihood of disturbance to their abundance and habitat remains high due to both natural and
anthropogenic factors.

2. Trends

A. Initial and shifting baselines

To determine extent and rate of decline of these species, the WG discussed how to establish abaselinefor
comparison purposes. For Caribbean Acroporids, the WG agreed therewas at | east 20 years of
comparableinformation on these species, aswell asgeologica data, and thussuggested the 1970sasa
regional basdline(e.g., severa workshop participants have persona observationsof Acroporid populations
fromat least the 1970s). The WG believed the 1970 baseline represented the status of Acroporid
populationsina“healthy, stable” state, and prior to any significant disturbance events, particularly the
dramatic Acroporid dieoff dueto white-band diseasein the 1980s. The WG a so believed the 1970s
baselineand itsrepresentativeness of a“ stable, healthy” population wasfurther supported by presentations
by Aronson and Hubbard that showed the geological record suggested that in thelast ~10,000 yearssuch
popul ation declines asthe onerel ated to the 1980s die of f were at | east rare and/or uncommon inthelast
3000 years, thus suggesting that such die offsare unique or unprecedented.

Inadditiontothe 1970s representing a“ healthy” basdine, shifting basdinesinrelationto significant
disturbance eventswere discussed dueto their relevance in estimating the continuing decline of these
species. The WG suggested thereweretwo regiond “ disturbance baselines’ ; thefirst inthe 1980s
coinciding with the outbreak of white-band disease and Diaderma die off and the second coinciding with
high Acroporid mortality related to the 1998 coral bleaching event. On smaller scales, the WG suggested
thisbasdinevariedinrelationtolocalized disturbance event(s) that may have had more significant impacts
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than regiond disturbance events. For example, intheVirgin Idands, reoccurring and intense hurricaneshave
caused some of themost significant declinesor alterationsin Acroporid popul ations, and moresothanthe
1998 bleaching event.

Resolution: The status of Acroporids has changed significantly since the 1970s with a region
wide decline occurring in the 1980s and subsequent declines during the 1990s. The 1970s
represents a baseline for “ stable, healthy” populations and the 1980s as a baseline of the regional
decline primarily resulting from white-band disease. Additional shifting baselines are useful to
understand local and current declines; for example, mortality from disease has been compounded
on local populations by hurricanes, bleaching events, and outbreaks of predators.

B. Extent of loss

Tounderstand theoverall loss of Acroporids, the WG examined both the extent and therate of decline.
Acroporid popul ationsthroughout the Caribbean declined dramatically inthe 1970s-1980s and continued

to declineinthe 1990s until many popul ationswerenearly gone. Theextent of decline, including botha
significant reduction (lossof 80-90%) in the abundance of individualsand an extremereductionin areaof
distribution throughout itsrange, triggered theinitial concernfor the persistence of thisspecies. Examplesof
widespread decline, wheretherewasaloss of greater than 80% of population (and up to 98%in some
areas) for both speciesincluded Florida, Jamaica, Belize, Curacao, and USV 1. Becausethe number of
individualshad declined to significantly low levelsin such afast timeframe (~10 years), the WG agreed it
was both the overa | reduction of popul ationsthroughout itshistoric range and fast rate of declinethat makes
these speciesvulnerableto extinction.

The WG discussed the current status (as compared to theimportance of historic status) of severa loca
populationsand identified (where known) which popul ationswereincreasing, decreasing, stable, or
unknown. Over thelast 10 years(decadal scale), they suggested the overall trend of A. palmata has been
adeclinewith small recovery trends. Over thelast year (2001), several populationsare believed to be
stable, dbeit a such low population dendtiesthat thereishigh enough vulnerability to stochastic disturbance
to cause extinction. Thereissome evidence of recovery, aswell asevidenceof areasjust recently examined
(e.g., southcoast Cuba) that contain stable populations. The WG emphasi zed the status of many
populationsare unknown and may still bedeclining. For A. cervicornis, there hasbeen acontinual decline
sincethe 1980’ swith no signs of recovery, athough Broward county wasnoted asan exception. Itisnot
known whether or not the few remaining populationsare ableto persist. For both speciesthe degree of
threat remainshigh. The WG noted that moreinformation was needed especialy inlight of itsuncertainty
asagenetically distinct species. Thematrix provides additional information on the statusand stability of
loca populations.

Resolution: Acropora palmata and A. cervicornis have experienced an unprecedented decline
throughout their historic range since the 1980s, including both a significant reduction (loss of
80-98%) in the number of individuals and an extreme reduction in area of distribution. Neither
species have recovered to their former abundance. Some local A. palmata populations have been
stable over the last year with evidence of recovery and limited sexual recruitment (e.g., USVI).
Acropora cervicornis experienced a more severe decline with no or few signs of recovery or sexual
recruitment (except Broward County, FL). Acroporids have a high likelihood of localized
extirpation and possible extinction on ecological time scales (10-100 yrs).
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C. Sources of mortality

TheWG discussed various sources of mortality and identified historic and current threats, aswell asthe
degree of threat, for each country in the Status Matrix. The WG agreed that white-band disease (WBD)
wasthe primary causefor theregion wide declineof Acroporids, but current impactsare harder to
determine. Theworking group aso emphasized that many current factors causing mortality or stresswere
highly localized, including breakage by hurricanes/'storms, temperature extremes (bleaching, cold-air
outbreaks), disease, predation by invertebrates and fishes, a gae overgrowth, and long-term exposure
resultingfromdropsinsealevel. Smilarly, humanimpactsresultingin mortality or stresssuch asdirect
destruction by ship groundings/anchoring, dredging, and diving/snorkeling; nutrient loading often leading to
macroalga overgrowth; and reduced water clarity dueto sedimentation, werea solocalized.

The WG suggested the sources of mortality or threatsvaried on both spatial and temporal scalesand
identified on the Satus Matrix which locations had high, medium or low threats. They concluded that the
information compiledin the Satus Matrix suggested that current threatsto Acroporidsarevery highfor
both anthropogenic effectsand natural disturbances. They recommend that in order to assist resource
managers, more datawere needed on thesethreats, particularly synergistic effectsfrom confounding
disturbances, but moreimportantly, management actionswere needed to aleviate or minimizefurther
disturbance. 1t wasemphasized that even Acroporid populationswithin marinereserveswerestill declining
andremainat highrisk.

The WG noted that certain locations appeared to be more severely affected by coral disease, athough they
did not know if therewere any specific patternsfor the Caribbean. For example, severa Acroporid
populationsin Puerto Rico (e.g., Culebra) had morethan 50% of coloniesinfected withWBD. These
colonies subsequently died and became compl etely covered by algae and col onized by damselfishwithin
two months. Acroporid reefsoff of Key West were reported to have the highest incidence of WBD inthe
ForidaKeys. Incontrast, severa A. palmata populationson Andros|sland Bahamasand along the south
coast of Cubahad lessevidence of mortality from WBD. The WG discussed that theinfectious nature of
diseaseisunclear, particular how it rel atesto popul ation abundance. 1t wasnot knownif densely
aggregated thicketswere more susceptibleto mortaity than popul ationsfurther distances apart or isol ated
individuas

Mortality caused by snailswas suggested by the WG asan additional and important concern, mainly
becausetheincidence of mortality seemed to beincreasing, athough highly locdized. Eventhough more
studiestoday arefocusing on snail-induced mortaity, the WG noted the extent and rate of mortality caused
by these snails, especially in comparison to other predators, wasalarming. Damselfish predation wasalso
suggested asan areaof further investigation, particularly following coral mortality either from diseaseor
bleaching.

Resolution: White-band disease (WBD) is believed to be the primary cause for the region wide
Acroporid decline during the 1980s. Current factors causing mortality or stress are highly
localized, with some areas showing greater susceptibility to disease (e.g., Florida Keys, Belize),
predation (e.g., Florida Keys), and storms (e.g., US Virgin Islands). Given the declined state of
Acroporids and the increase in the frequency and intensity of disturbances, these sensitive species
are highly vulnerable to both natural and anthropogenic stressors, especially synergistic
disturbances.
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D. Information gaps

TheWG listed areaswherelittle or no information wasavailable or where theinformation wasnot readily
availableand recommended these asprioritiesfor statussurveys. Theseareasincluded (but not limitedto,
nor arethey inany priority order): Haiti, Saba, SabaBank, Nicaragua, Mushwar Bank and Silver Bank,
Turksand Caicos(some AGRRA data), Pedro Banks, SerranillaBank, AliciaBank, Bajo Nuevo Bark,
Bahamas (Aklins, Ragged Idands, Crooked Idand, Long Idand, Cat Iand, southern Bahamas), Inagua,
Meguanaand Hawk’s Die Reef (Bahamas); northern BahamaBank; from N. Eleuthrato New Providence,
TreasureK ey, Grand Bahama, MysteriosaBanks, Swan Idands, RosaLindaBank, Bay Idands, Costa
Rica, and eastern Caribbean (although most id ands have some ongoing monitoring programssuch as St.
Vincent, Barbados, St. Luciaand Martinique, and Guadel oupe).

Resolution: An estimated 60-75% of the entire Acroporid population has been examined and
enough information is available to make a determination whether these species are threatened or
endangered. Approximately 5%, and no more than 10% of the population resides within US
waters. Several geographical areas where more information is needed include Bahamas
(especially southern), Nicaragua, Pedro Banks, northern Cuba, Haiti, banks off of Turks and
Caicos, Saba Banks, eastern Caribbean, and Trinidad and Tobago.

3. Historicand Current Range

The WG discussed what portion of the historical range or distribution of the specieshad beenlost and
suggested that it waslikely the overall range had remained the samesinceat least afew individualswere till
present throughout itsrange. The WG emphasized that local reductionsin range have occurred in several
areasthroughout the Caribbean. In addition some popul ations, especially thoselocated at the extent of their
range, may not beviableor ableto persist given the severe reductionin abundance. Thechallengein
defining distinct populations, especially geneticaly distinct ones, madeit difficult for the WG to conclude
with certainty that therewas no contraction of itsgeographical rangeor to determineif populationshave
been extirpated on smaller spatia scales. They did note examplesfrom theliterature and persona
communicationswhere popul ations at some study siteshave been reported extirpated (e.g., southern
Belize). The WG discussed how the A. cervicornispopulationin Broward County did not “ exist” inthe
1970s and suggested more information was needed on whether this species expanded itsrange or in-
creaseditspopulation size. The WG did not know which was moreimportant for therecovery of this
specieseither maintaining the overal range extent or maintaining loca viable populationsand ensuring these
do not go extinct.

Resolution: The historic range of Acroporidsis believed to be the same as the current range,
although it is not possible to conclude with certainty given the current scientific inability to
differentiate genetically distinct populations. Local range reductions and extirpations have
occurred and it is believed some populations may be reproductively isolated. Given the extent of
decline and vulnerability to extirpation, it is believed these corals remain threatened throughout
their range.

4. Population Parameters

The WG discussed which popul ation parameterswere needed and avail ableto help understand the status
and trendsof Acroporids, particularly intrying to quantify loss. The WG focused on factorsthat were
availableto hel p understand the popul ation status at larger spatial scalessincethe Biology WG was
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discussing suchlifehistory parametersas survivorship, reproduction, and genetic information. The Status
WG suggested that acombination of severa parameters (and not just one singlefactor) be considered when
ng the status of Acroporid populationsincluding amount of coral cover (both living and dead),
number of individual colonies, colony size, percent coral mortality (both old and recent), proportion of living
coloniesversus standing dead colonies, reef structure (or complexity/vertical height), areacover/extent,
areaswith“luxuriant or healthy” populations, and areaswith extirpated populations.

The WG mentioned that sizerelated parametersand partial mortality datawere needed sincethesecorals
weremodular organisms. Besidesanoticeablereduction in population sizes, reports(e.g., USVI) suggest
individua colonieswere smaller and often had partial mortality. The WG noted that percent live cora cover
ishow cora status has been historically assessed, but suggested there can betwo contexts of coverage; one
that describeshow Acroporids occupy acertain range of reef area(areal extent), and second the density of
individua sinapopulation. In addition, they emphasized the need to identify end member reefs (i.e., those
that arethemost degraded vs. thoserelatively pristine) asaway to characterizetheviability of populations
and potential for recovery (i.e., identify thosereefsthat are potentid “ re-seeders’) and identified those they
knew of inthe Statusmatrix. They suggested avertica index (e.g., colony heights, canopy complexity)
needed to be characterized and itsrolein the popul ation stability needed to beevaluated. TheWG
discussed that examining standing dead coloniesin growth position, asisdoneinthe AGRRA survey
method, givesanindication of the historic popul ation (where preserved) and importance as habitat to other
reefal organisms. Thedegree of coral cover, colony density, and relief may also begood indicatorsof the
suitability of an areato support recruitment.

Theworking group suggested directionsfor future research should address understanding these popul ation
parameters, particularly at larger spatial scales. They noted that moreinformation wasavailablefor

A. palmatathan A. cervicornis, and emphasi zed that more information was needed for A. cervicornis
especidly sinceit hassuffered the most dramatic decline. The WG recognized various population
parameters have been measured by different surveyors (and methods), often making it difficult to compare
datasets. They identified afew good standardized comparable datasetsexisted onalargescae(e.g.,
AGRRA, Caricomp), aswell several loca monitoring programs. The WG group did not havetimeto
discussthe spawning, long distant dispersal, distribution of popul ationsand proximity to each other,
minimum popul ation size, recruitment, or survivorship, but noted moreinformationwasa so neededinthese
aress.

The WG agreed that there was not enough information on the genetic status of Acroporidsto determinean
effective population size. They emphasi zed it wasimportant to understand if coloniesweregenetically
different for Acroporids more so than for many other speciesdueto their tendency for asexua
reproduction. TheWG suggested Acroporidsmay beat higher genetic “risk” than other species, therefore
underscoring itsendangerment status. Several research effortsare addressing the genetic question, but it
wasal so recogni zed that there needed to be other measurabl e criteria(e.g., popul ations parameters
discussed above) inlieu of these datauntil they becomeavailable.

Onthelast workshop day, the Status and Biology working groups (WGs) met and di scussed Acroporid
reproduction strategiesand survival of recruits. The WGsagreed that both sexual and asexual recruitment
appear tobehighly locaized. 1t wassuggested that onlocal scales, popul ations can resist/recover if
densitiesare high enough through both sexual and asexual reproduction, but as popul ation size decreases,
they rely more on sexua reproduction, which could bealimiting factor or problem for themany severely
reduced populations. The WG did not know if Acroporidswerelessdependent upon sexual reproduction
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than other species, or if they werejust unsuccessful at sexual reproduction. Inaddition, they questioned if
sexud recruitment was more successful onlive Acropora stands or areas with more standing dead colonies.
TheBroward county thickets of Acropora showed evidencethat sexua recruitment can bevery successful,
although most recruitment studies have shown low recruitsor areduction in the number of recruitsin recent
years. Ingeneral though, the WG agreed that sexual recruitment rateswerevery low, yet it wasnot known
how dependent local populationswereon sexua recruitment. Sinceitislikely that someareasrely on
sexua recruitment morethan others, the WG suggested these areas should beidentified. The WG said not
enough information wasknown to estimate what percentage of apopulation was heeded to reproduce
sexually in order to support theentire popul ation through sexual recruitment aone.

TheWG a so considered thedifferenceininvestment strategies between asexual vs. sexua reproduction.
Datafrom the 1970sin the Keys showed that for aseriesof years Acroporadid not show signsintheir
tissue of sexual reproduction, yet colonieswerevery abundant. Thusit was postulated that perhapsinthe
past, they only sexudly reproduced every few years suggesting alower investment inthislifehistory
strategy. It wasemphasized that asexual recruitment was not equivalent to sexual recruitment in outcomes
and consequences sincethe effects on the population asawholeare very different. The survivorship of
juvenilecoraswasnot known, athough the WG suggested that survivorshipislikely low, particularly of

A. cervicornis. TheWG suggested priority areas needing more dataincluded juvenile popul ation dynamics
(e.g., survivorship, growth rates), differentiating sexual recruitsvs. juvenilesvs. crusts, and survivorship of
individua safter establishment of colony.

Resolution: To assist in the recovery of these species, more scientific information is needed on
both demographic variables as well as habitat-based variables including 1) survival and fecundity
by age (size or stage) and frequency distribution of ages (size or stage - fragment, whole colony;,
sexual recruit, etc.); 2) reliance of populations on asexual vs sexual recruitment; 3) genetically
distinct populations, minimum population sizes, and amount of genetic exchange between
populations; 4) juvenile population dynamics (e.g., survivorship, growth rates); 5) importance of
habitat variables to recruitment and adult survivorship (e.g., standing dead colonies, vertical
relief, habitat condition, cross shelf position); and 6) location of “endmember” populations and
those showing signs of recovery and/or sexual recruitment.

5. Recovery

The StatusWG concluded its session by discussing several factorsthat needed to be considered when
understanding therecovery of these speciesincluding status of the species, degree of threst, likelihood of
persistence, reproduction, and adequate habitat. Asmentioned above, the WG agreed that both
A. palmata and A. cervicornis popul ations have been severely decimated. Over thelast year, A. palmata
hasbeen stable, albeit at only at 5% of itshistoric baseline abundance. It wasemphasized that thedeclinein
A. cervicornishasbeen more severe and continuesto decline. The WG emphasized that Acroporidsare
oneof themore senditive reef speciesand given the seriesof disturbance events, these speciesarehighly
susceptibleto future disturbances. The WG noted that thefrequency and intensity of disturbances(e.g.,
disease, hurricanes, bleaching, human impacts) inthe Caribbean haveincreased in recent years, with several
reefsaffected by repeat and/or coinciding events. Inaddition, with seasurfacetemperaturespredictedto
continueto warm over thenext 100 years, globa climate changewill play acritical roleininfluencing the
frequency and magnitude of El Nifio-La Nifia bleaching-related eventsand hurricanes. Threatsto both
speciesremain high and since popul ations are subjected to so many different stresses, any onesevere
disturbanceevent (or synergistic events) could lead tolocal extirpation. They suggested these specieswill
not recovery easily from extant populations, giventhecurrent level of threats. The WG suggested that
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Fig. 1. Map of thewider Caribbean showing | ocationswhere Acropora spp. popul ationswere examined,
and the condition of those populations.
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several loca populationswerevulnerableto extirpation over the next 5yearsin someareas(e.g., southern
Belize) and over thenext 10-20 years(e.g., FloridaKeys) in others, especially given the probability of
continued and possibleincreasein disturbance. Onaregiond scalethere have been afew signsof recovery
(e.g., someareasin Colombia) sincetheinitial decline (for A. palmata, not A. cervicornis), but overal the
generd trend has been ageneral decline sincethe basdline 1970s, thus making both speciesvery vulnerable
to extinction. The WG emphasi zed that these species, given their current declined state, were highly
vulnerableto both natural and anthropogenic stressors (especialy synergistic effects), and had ahigh
likelihood of localized extirpation and possible extinction, although thetimeframewasdifficult to pinpoint.
They did notethat the stochastic risk of extinction washigh onan ecological/historictime scale (10-100

yrs).
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Although morewasknown on the status and degree of threat of these species, the WG emphasi zed that
moreinformation was needed on how to contributeto their recovery. Inaddition to those aready
mentioned above, high prioritiesincluded documenting evidence of sexua recruitment, determining what
constitutesgood habitat for sexua reproduction (or minimum population sizes), and identifying sources of
potentid reseeding reefs. The WG discussed the problemsof uncertainty and lack of information, but
agreed that aprimary goal wasto provideinformation that will be useful to resource managers. TheWG
emphasized akey factor intherecovery of these specieswasto focus on devel oping and implementing
management actionsthat will aleviate or minimizefurther disturbanceto these speciesand that will
contributeto their recovery. Asanext step, the WG suggested that questionnairessimilar to the Status
matrix they developed be distributed to gather moreinformation. The WG acknowledged theleading and
proactive step by Colombian scientiststo protect Acroporids by providing recommendationsto their
government to add Acroporidsto their country list of endangered and threatened species. Based on
observationsof dead vs. livecora and similar tothe lUCN criteria, the Colombian scientistsrecommended
A. cervicornisbelisted as“critical endangered’; and A. palmata as”endangered”. Itisexpected that the
Colombian government will accept andimplement their recommendations.

To conclude, the WG agreed Acropora palmata and A. cervicor niswarranted further listing under the
Endangered SpeciesAct (ESA) and could benefit from the protection the ESA affords. They suggested the
likelihood of extinction could bereduced by aleviating threatsto these speciesand implementing strategies
that promotetheir recovery. They further emphasized thelisting of these specieswould provideval uable
added protection to the many other speciesdependent on them.

Resolution: Acropora palmata and A. cervicornis warrant further listing under the Endangered
Species Act (ESA) and could benefit from the protection the ESA affords. Acroporids are likely to
qualify for listing as threatened or endangered species because of the significant reduction in
their abundance and high likelihood for future population declines; the current loss of habitat
and potential for future loss of range remains high; they are highly susceptible to severe
population reductions due to disease and predation; there are few existing regulatory
mechanisms to minimize further reductions or impacts; and both natural and anthropogenic
factors are likely to affect their continued existence. The likelihood of extinction for both species
could be reduced by alleviating threats and implementing strategies that promote their recovery.
The listing of these species will provide valuable added protection to the many other species
dependent on them.
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Report from the Management Working Group

Compiled by Brian Keller

Working Group M ember s: StephaniaBolden, Rafe Boulon, Andy Bruckner, Richard Curry, Zandy
Hillis-Star, Richard Hubbard, BrianD. Keller, AnneMcCarthy, Michael Nemeth, Fritz\Wettstein

INTRODUCTION

The Management Working Group was given thefollowing tasksto address:
Evduateexigting legidation, regul ations, statutes, management gpproaches, and conservation initiatives
that apply to cord reefsin U.S. waters (State/ Territorial/Federal), in other countries, and regiona
initiatives, their effectivenessat protecting these cora sand enhancing recovery potential; and wherethey
arebeing applied.
| dentify measuresthat woul d enhance compliancewith existing measures.
Recommend additional measuresthat could beimplemented onaloca, nationa, and regiona scalethat
arenecessary to addressthreats aff ecting these species and can help rebuild popul ations, and where
these need to be applied.
| dentify approachesto enhance national and regiond collaboration.
Evauatethe benefits/drawbacks of an Endangered SpeciesAct (ESA) listing, locationswherethislisting
would be most effective, and thetype of issuesthat thelisting would haveto addressto mitigate threats.
| dentify information needed (research, monitoring, restoration, and so on) by resource managersthat
would hel p assist managersin protecting remaining coralsand rebuil ding popul ations.
Examinethe potential implicationsof not taking additional stepsto conservethese speciesand thereefs
wherethey occur.

Theworking groupincluded experienceinthefollowing places. U.S. (HoridaKeysand Biscayne Bay),
U.S. Virgin Idands, Puerto Rico, and Trinidad and Tobago; thisreport reflectsthisparticipation and the
Working Group recognized that additional input would be required to make thisreport more representative
of the Caribbeanregion.

1. Evaluation of Existing Regulatory Framework and M easur esto Enhance Compliance

Theexisting regulatory framework issubstantial inthe U.S. and many Caribbean nations. Fishery
Management Plans, National Parksand Monuments, and National Marine Sanctuariesinfederal, stateand
territoria watersof the Gulf of Mexico, West Atlantic, and Caribbean are examplesof management mea-
suresthat have been taken to both directly and indirectly protect corals. Of importanceto Acropora

popul ations, most managed areasin state and federal watersnow prohibit take of stony corals. Someareas
provide mooring buoysto minimize physical damageto coralsfromanchoring. Additiona measuresinclude
prohibition of the use of fishing gear in no-take zonesand regulations against any direct physica impactto
coras.

Theseregulationsare necessary, but not sufficient, to protect Acropora. Often existing protective measures
areinsufficient asthey may include protective measuresestablished in one particular location (e.g., stateor
federal waters), but they do not apply to adjacent areas. In addition, thereoftenisagenera lack of
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politica will and enforcement capacity. Thisismost often the casefor many coastal zoneissues, resultingin
degradation of mangrove, seagrass, and coral reef habitats. A “common denominator” for theseimpactsis
poor water quality, including € evated nutrient concentrations, persistently or periodically heavy sediment
loads, and various chemica contaminants(e.g., pesticides, petroleum compounds, and mercury).
Inthisregard, we must enhance public education and outreach, including how land-based activitiesimpact
coastal zones. Another potential measureisthrough fortified penalty structures, which should enhance
compliance and restoration of ecosystem structure and function. Thisisanecessary context for al other,
more-specific stepstoward Acroporarestoration. Thereisaneed to re-evaluate current systemsof naviga-
tional aids(charts, markers, and education) because of the prevalence of boat and ship groundingsin some
areas. Because of the shallow depth distribution of A. palmatain particular and A. cervicornisin some
cases, reef groundings often damage at | east one of these species. Improved navigational aidsmay help
prevent some of thiskind of damage.

Some stepstoward improving water quality have been taken in some areas, and degraded water quality is
widely recognized asamanagement issue. For example, inthe FloridaKeys, State watershave been
designated asano-discharge zone and pump-out facilitiesarewidely distributed for boaterstouse. In
addition, the city of Key West, which processes nearly half of thewastewater produced inthe Keys, now
usesadvanced wastewater treatment and i njectsthishighly processed effluent into adeep, confined aquifer.
Findly, the State has trict regul ationsregarding shoreline devel opment, which protects mangrove and other
critica nearshore habitatsincluding patch reefs.

Theexigting regulatory structure allows pendtiesand finesto beimposed onviolators. Thisenforcement
capacity can only beassuccessful aspalitical will and available resourcesadlow. Inmost of theregion,
political will and resourcesarelacking, particularly in areaswheretourism-based economiesor long-term
subs stencefishing dominate decis on-making and implementation of management plans.

Resolution: The existing regulatory framework in the U.S. and its territories, aswell asin many
Caribbean nations offers limited protection to Acroporid populations through 1) the
establishment of parks, sanctuaries, monuments, and reserves; 2) fishery management plans that
limit or prohibit the take of corals; restrict the use of fishing gears that cause habitat damage and
breakage of corals, especially in no-take reserves; 3) federal, state and territorial programsto
establish and maintain mooring buoys to minimize coral breakage associated with anchoring;
and 4) coastal zone management strategies that address shoreline development, sewage treatment
and discharge, and destruction of associated habitats such as mangroves. However, the existing
regulatory structure is insufficient for most Acropora populations; additional measures are
necessary to improve water quality, address coastal development, improve navigational aids,
address habitat damage from anchoring, destructive fishing gears, and boat groundings, and
enhance enforcement.

2. Evaluation of Existing Management Approachesand Conservation Initiativesin U.S. Waters.

The existing management approachesand conservation initiativesof most benefit to branching cordshave
focused on addressing physical impacts, including damage resulting from fishing gear, anchoring and ship
groundings. Depending on zoning and regul ations, marine protected areas (M PAS) hel p prevent damage
from gear and groundings. Becauseall corass, particularly branching growth formssuch asAcropora
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palmata and A. cervicornis, are susceptible to such impacts, MPAs can afford someimmediate protection
fromthistypeof damage. Asnoted above, enforcement capacity generally islacking, which compromisesa
centra function of zoning plans, many resource managers emphasi zethe need for strengthening
enforcement capacity. Whenthey areeffective, marinereservesprohibit al collection of marinelifeand
other resources, with thegoal s of protecting biodiversity and sengitive habitats, and restoring ecosystem
processes.

1. Florida

The John Pennekamp Cora Reef State Park was established in 1960 asthefirst coral reef MPA world-
wide. Theareaof protectioninthe Upper Keyswasextended by implementation of Key Largo National
Marine Sanctuary in 1975. TheLooeKey National Marine Sanctuary (1981) protected asignificant cora
reef intheLower Keys.

Three National Parkshave been designated in South Floridamarine environments. Dry Tortugas (DRTO;
1992) and Biscayne (BISC; 1980) National Parksincludesignificant coral reefs. Prior to the establishment
of DRTO, the Fort Jefferson National Monument (1935) protected thearea. In addition, Everglades
National Park (EVER,; 1947) includes much of FloridaBay, animportant subtropica lagoonwithvital
ecologica connectionswiththe FloridaReef Tract.

TheU.S. Fishand Wildlife Servicemanages severd large National Wildlife Refugesthat protect extensive
areasof shallow hardbottom and seagrassenvironmentsinthe Lower Keys, which also haveimportant
ecologica connectionswiththe FloridaReef Tract. Additional MPAsare managed by the State of Florida.

TheU.S. Congressdesignated the FloridaK eysNationa Marine Sanctuary (FKNMS) in1990. The
FKNMS coversnearly 10,000 km? surrounding the Florida K eys and Reef Tract, and encompasses many
of themanagement areas noted above. It took six yearsto develop amanagement plan for the FKNMS,
including amultiple-use zoning planwith 23 fully protected (“ no-take”) marinereserves. Another threeyears
wererequired to devel op aplan for the Tortugas Ecol ogical Reserve, thelargest marinereserveinthe U.S.
(518km?). Approximately 10% of coral reef environmentsinthe FloridaK eysare protected within marine
reserves.

Corasingenerd areafforded anumber of mechanismsof protection under thevarious Action Plansthat
comprisethe FKNM S Management Plan, but there are no particular programsfor Acroporaspp. In
practice, however, Acropora spp. receive particular attention in theform of tight restriction on collection of
samplesfor research and restoration after damage from boat groundingsand other sources.

TheFloridaKeyscomprisean Areaof Critica State Concern, with aRate-of-Growth Ordinancefor
growth management and support for implementing comprehensivewastewater and stormwater treatment
plans.

Cablecorridorsare being implemented to minimize damageto coral soff southeastern Florida. Additionally,

county and state agenciesrequire transplantation and monitoring of corals potentially affected by cable
deployment and other reef dtering activities.
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Additiona protective measuresinclude a 1990 designation of AreasTo Be Avoided by shipslonger than
50m. Coincident withthisstep wasadramatic declineinlarge-vessel groundingsinthe FKNMS. The
FloridaReef Tract, which lieswithin the sanctuary, ismarked by eight RACON beacons, which transmit
warningsto ship radar screens. The FKNM S aso hasan active program for waterway markersand
maintainsmorethan 400 mooring buoys, which help minimizeanchor damage. Regulationsareenforced by
17 officersequiped with vessselsup to 82" inlength, which supportscruisesto therelatively remote
Tortugasregion. Finaly, the FKNM Shasan active program of education and outreach, whichincludes
volunteersand staff (Team OCEAN) who provide boaterswithinformation at sea.

Seven reefsdominated by Acropora cervicornisoccur in nearshorewaters off Fort Lauderdale. These
reefsare being closely monitored, but have not been provided with particular protective measures.

2. U.S MirginIslands

VirginIdandsCora Reef National Monument (V1CR) wasrecently created and Buck Idand Reef National
Monument (BUIS) wasrecently expanded by the designation of thousands of acresof non-extractive zones
(2000 Executive Order). Thesenew and expanded National M onument designationsafford total protection
to 7% of the St. Croix shelf and 3% of the St. John/St. Thomasshelf. 1n December, 2002, the Virgin
Idands L egidature passed Bill 12 approving establishment of the St. Croix East End Marine Park.

A program of mooring buoysmanaged by the National Park Service, non-governmental organizations
(NGOs), and privatedive operations provides additional protection from anchor damageto coral reef
ecosystemsincluding seagrassbeds. Inaddition, avessal management plan regulates numbersof vessels
and usesdlowedinVirginldandsNational Park (VI1S) waters. Thirteen Areasof Particular Concern,
mostly including marineenvironments (particularly St. Croix cord reefs), are part of aTerritoria zoning plan
that theoretically should manage development to be environmentaly sustainable.

The St. Croix petroleum refinery hasan oil spill responseteaminvolving resource managersto help guide
appropriateresponse strategies. Environmenta Sensitivity Index maps (NOAA/U.S. Coast Guard)
ddlineate coral reefsand other sengitive habitatsand resourcesthat could beimpacted by an oil spill.

The Coastal Barrier Resource Act identifiessensitiveareassuch ascord reefs. Thereare30 sitesinthe
USVI that are designated asfedera coastal barriers. Thisdesignation provides protectionfrom
devel opment with federal funding or requiring federa action.

3. Puerto Rico

In Puerto Rico there exist several laws and proposed regulationsthat may aid in the conservation of corals.
Themost pertinent statuteisthe Law for the Protection, Conservation, and Management of Cora Reefsin
Puerto Rico, Law 147. Thislaw explicitly mandatesthe conservation and management of coral reefsin
order to protect their functionsand values. The Department of Natural and Environmental Resources
(DNER), theagency in charge of implementing thelaw, will do sothrough aregulationthat iscurrently being
prepared. Law 147 providesfor the creation of zoned areasin order to mitigate impactsfrom human
activities. Thesezonesinclude (1) Reef Recuperation Areasand (2) Ecologically Sensitive Areas. These
zoneswill facilitatethe DNER in controlling human activity that can directly impact Acropora spp. suchas
anchoring. Law 147 also directsthe DNER toidentify and mitigate threatsto coral reefsfrom degraded
water quality dueto pollution. Law 147 will lsorequirean Environmenta Impact Statements(EIS) for
projectsor activitiesthat can negatively affect cora reefs.
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DNER iscurrently devel oping regul ationsto beginimplementing Law 147. Aninteragency committeewill
be convened to coordinate government activitiesthat may affect cord reefs,

Law 137 from 2000 directsthe DNER to designate priority areas as marinereserves, including aminimum
of 3percent of theinsular platformwithin 3years(2003). Marinereservesaredefined asareaswhereall
extractive activitiesare prohibited in order to hel p recover depleted fishery resourcesand protect
biodiversity, and can protect Acropora by preventingimpactsfromfishery gear. To date, two marine
reserves, ReservaNatural Canal LuisPefiain Culebra, and Desecheo |dand have been established.

Therearea so currently 13 natural reservesin Puerto Rico that have coral reefswithin their boundaries.
These aremanaged by the Puerto Rico Department of Natural and Environmental Resources(DNER). The
Reservesarelocated on dl coastsand offshoreidandsand provide aninfrastructure for management
measuresto protect Acropora spp. populations. The DNER has been utilizing mooring buoyssince 1990,
principaly inthe Natural Reservesin Fgjardo, Culebra, Guanica, and LaParguera. Moreinformationis
needed on thelocation and status of Acropora spp. populationswithin the natural reservesin order to apply
the conservation strategies, particularly those pertaining to direct impacts. It should be noted that natural
reservesprobably have minimal successin preventingimpactsto cora reefsand Acropora spp. from
degraded water quality becausetheseimpactsare not excluded by reserve boundaries.

Resolution: A variety of protected areas exist in Florida, USVI and Puerto Rico, including
National Monuments, Sanctuaries, Reserves, and Wildlife Refuges. These and other areas are
typically zoned for specific or multiple uses and often include no-take areas and offer various
protective measures such as a prohibition on extractive activities. However, in general, they
encompass a relatively small portion of the total Acropora habitat, they offer limited protection
from various environmental impacts such as degraded water quality, and enforcement may be
limited or lacking.

3. Proposed New Initiatives for U.S. Reefsto Enhance Protection of Coral Reef Resour ces

Whilethe nature and magnitude of human impactsto cora reefsvary among reefsand jurisdictions, many of
theunderlying activitiesare authorized and regul ated under |aw and can be managed or mitigated using
existing federa and state authorities, with programstailored tolocal needs. ThroughtheU.S. Coral Reef
Task Force, federa and state agencies have agreed to pursue acomprehensive program focused on nine
conservation strategies designed to reduce or eiminatethe most significant threatsto coral reefs. These
include: 1) expansion and strengthening of marine protected areas, 2) reduction of impactsfrom extraction;
3) reduction of habitat destruction; 4) reduction of marineand land-based pollutants; 5) restoration for
damaged reefs; 6) reduction of global threats; 7) reduction of impactsfrominternational trade; 8) improved
interagency accountability and coordination; and 9) expanded education and outreach for the public.

Many of the chief threatsto coral reefs stem from human activitiestaking place on or near specific reef
tracts. One of the most promising conservation toolsto addressthese are marine protected areasthat
encompass and protect important habitatswhere harmful activities can be minimized through asystem of
marinezoning. Among thevarioustypesof MPAS, ecological reserves, or no-take zones, areparticularly
effectivein maintaining biodiversity, productivity and ecol ogical integrity, and for Acropora habitatsmay be
most useful in protecting these coral sfrom damage associated with particular typesof fishing gear, anchoring
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and other physicd stressors. Although anumber of MPAscurrently exist, thereare multiple problems
associated with these, including: 1) considerable gapsin coverage; 2) gapsin protection withinexisting sites;
3) limited degree of connection among protected aress, 4) designation and management under multiple
jurisdictions(state, federa, territorial, local jurisdictions) with differencesin purpose, scope and authority
under each jurisdiction; 5) limited internationa cooperation; and 6) lack of consistent definitionsto describe
variouslevelsof protection.

TheU.S. Cora Reef Task Force has proposed acritical marine conservation goal for MPAsintheU.S.
that includes 1) strengthening of protectionwithinexisting MPAS, 2) establishment of additional no-take
ecological reserveswitha goal of 20% of all representative U.S. coral reefsand associated habitats by
2010; 3) anationa assessment of theremaining gapsin coverage; and 4) strengthened support for
international cooperationto conservegloba biodiversity.

Among U.S. Jurisdictions, proposalsto strengthen existing M PA structure and devel op new MPAsinclude:
1. Dry Tortugas National Park

The Park has proposed to implement a Research Natural Area(marinereserve) that would cover an areaof
approximately 158 kn?, including significant shalow coral reef environments.

2. U.S VirginIslands

The creation of the Virgin Idands Cora Reef Nationa Monument (VICR) and the enlargement of Buck
Idand Reef National Monument arevery significant for cora reef and associated habitat protection. Both
monumentsareawaiting afina review by the Government A ccounting Office (Congress) before
management actions can beimplemented. V11Swill be developing anew Generad Management Planin
2003, whichwill implement additional coral reef protection measures. VICR isasoproposngtoingal a
hurricane mooring systemin Hurricane Holethat will protect the mangroveand coral communitiesfrom
vessalsusing thisareaasastormrefuge.

TheTerritoria government ismoving forward on the establishment of the East End MarinePark in St.
Croix. Thispark will contain several no-take zonesand coral resourcesin all zoneswill be protected.

Thereareanumber of other marinereservesinthe USVI that are basically “ paper parks’ because of lack
of enforcement. Stepsto takeinclude educating residentsand visitors, enforcing regulations, and employing
moreenforcement officers.

3. Puerto Rico

Law 137 from 2000 directsthe Puerto Rico DNER to designate priority areasas marinereserves. Marine
reservesare defined inthisstatute asareaswhereall extractive activitiesare prohibited in order to help
recover depleted fishery resourcesand protect biodiversity. Thelaw statesthat that three percent of the
insular platform must be designated within 3 years(2003). Thismechanism could behelpful inthe
conservation of Acroporaspp. if itisdetermined that overfishing of coral reefsthat isaffecting survivorship
of thesecorals. It hasbeen hypothesized that overfishing of reef fish, octopus, and lobster may leadto an
increased abundance of Acropora spp. predators such asthe snail Coralliophila abbreviata. Currently
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therearetwo marinereservesin Puerto Rico, ReservaNatural Canal L uis Pefiain Culebraand Desecheo
Isand. However, thesetwo reservesonly protect avery small percentage of the Acropora spp.
populationsin Puerto Rico.

Resolution: Over thelast five years Florida, USVI, and Puerto Rico have made major
conservation advances through the establishment of various types of marine reserves and
proposals for new marine protected areas. Many of these have been established in coordination
with initiatives to address habitat destruction through limitations on the use of destructive
fishing gear, installation of mooring buoys and navigational aids, no anchoring zones, improved
wastewater treatment, and other measures.

4. Additional M easur esNeeded on a L ocal and National Scale
A. Strategiesto addressover fishing and fishery gear impacts

Strategiesto addressoverfishingin coral reef ecosystems are necessary to mitigate problemsassociated
with macroal gae abundance and cover, growing popul ationsof corallivores, and other problems.
Overfishing of herbivorous parrotfish and surgeonfish has contributed to increasesin macroa gae, which may
overgrow stony coralsand canlead to reduced potentia for recruitment of planulalarvae. Also, removal of
certain predatory fish such asgroupers may contributeto anincreasein three spot damselfish populations,
which can further contributeto theloss of Acropora through the creation of algal gardens. Overfishing of a
number of other invertebrate and fish species, such aslobsters, octopus, trunkfish and hogfish, may resultin
greater numbersof coral eating snails, and increased mortality to Acropora.

1. Florida

There needsto be considerabl e thought and discussion about reductionsin fishing effort, such asaprogram
toinvestinreducingfishing flests.

Further programs of outreach and education could be devel oped to better inform the public and
decision-makersabout how overfishing affectsthe condition of coral reefsand stepsthey cantaketo help
improvethe protection and conservation of coral reef ecosystems. We need to be more effective at
communicating how marinereserves protect popul ationsand habitats.

Penalties could be made more severe and additional resources could be directed toward enforcement.
Penalty structures could be modified to includetherescinding of fishing permitsand/or the confiscation of
gear and vessels.

Moremarinereserves could be designed, discussed, and implemented, and thesize of existing reserves
could beincreased. Communitiesand residents should take more of a* stewardship” approachtolocal
watersand theresourcesthey contain.

2. U.S MirginIdlands

Overfishingisalargeconcern. Itisnecessary to enforceexisting regulations, eliminatefishingin protected
areas, protect spawning sites, and protect nursery habitats.
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L osses of mangrove habitat exacerbate problemsassociated with overfishing. Thereisapressing needto
protect mangroves, which areaready aprotected speciesunder VI law; control water quality in mangrove
aress, re-siteor replace aging sewagetreatment systems; and enforcetheuse of vessel pump-out facilities
and provide additiond facilities.

3. Puerto Rico

Thereiswidespread recognition of overfishing within Puerto Rico’snearshore coastal communities,
especially among cord reefs. Theconcernsextendto both recreationa fisheriesand commercia fisheries,
and a so among certaintypesof destructivefishing gear (trapsand gill nets). Inaddition, local fisherstarget
lobstersand octopusin shallow water, often wading through and damaging Acropor a habitat in the process
of collection. A number of reef fishesand invertebratesthat may beimportant in controlling corallivorous
molluscsare presently overexpl oited, including lobster, octopus, trunkfish, hogfish and other species.

Puerto Rico, through DNER, hasdevel oped anew coral reef fisherieslaw andiscurrently developing
regul ations (Reglamento de Pescade Puerto Rico). Thesewill establish avariety of new measures,
including restrictionson gear types, locations of fishing areas (and areas closed to fishing), permitsfor
harvest, sizes, seasonsand/or quotasfor the harvest of commercially important species, and provisionsfor
licensing. If adopted, theseregulationswill adso prohibit spearfishing.

Resolution: Coral reefs and associated habitats provide fishery resources that represent a critical
source of food, but increased rates of collection and associated habitat destruction are
threatening the regenerative capacity of of these species and critical linkages among species and
in some cases are contributing to phase shifts. A number of management initiatives have been
proposed including improved monitoring and protection for fishery resources; greater habitat
protection through establishment of no-take MPAs and other efforts; measures to protect
spawning populations; elimination of destructive fishing practices and gears, implementation of
gear restrictions; and incorporation of ecosystem-scale considerations in Fishery Management
Plans.

B. Diseases and predation

Although white-band disease, white pox, and other syndromes are recognized asimportant sources of
mortality to elkhorn and staghorn coral, scientistsand managershavevery littleinformation onthe
epizootiology and etiology of thesediseases. Greater emphasisneedsto be placed on 1) field monitoring
programsto determinethetemporal and spatia distribution, abundance and impact, and synergistic effects
of other natural and anthropogenic stressors; and 2) laboratory studiesto determine causative agents, role
of other stressorsin the proliferation and spread of these diseases, and host response. With thisinformation,
scientistsand managers can beginto work toward the devel opment of strategiesto mitigate diseases,
possibly by treating diseased colonies, addressing water quality issuesand managing possi blevectorsfor
diseasetransmission. Inaddition, effortsare needed to determinewhether there are disease resi stant

clones.
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Therecognition of significant predation by invertebrates and fishes has been acknowledged for Caribbean
Acroporidsprimarily when coral prey abundancewas diminished by other factors, and possibly inresponse
toincreased densities of predators. We need further research on corallivores such as Coralliophilaand
Hermodice and on the damaging effects of Segastesplanifronsalgal-gardening behavior. Researchis
needed to hel p determinethe efficacy of programsof Coralliophilaand Segastes planifronscontrol. In
particular, managers need moreinformation about the predators of thesethree speciesand other possible
mechanismsfor population controls. Small-scale corallivorous snail remova inremnant Acropora palmata
populationsundertaken inthe FloridaK eyswaseffectivein preserving livetissue, but it isunclear whether
thisisan effective management strategy at alarger scaleand the ramificationsof suchamanipulationina
complex coral reef community remain unknown.

Management strategies should includetraining programsto heighten awarenessand a ert resource managers
of infestations and acute changesin reef communities. Any such effortsshould be conducted as step-wise
approachesin aplan for ecosystem restoration: action, result, and end product.

Resolution: Coral diseases and coral predators need far more study. Managers need to know the
causes of diseases affecting Acroporids, how diseases are transmitted, and any actions that can be
taken to reduce their negative impacts on Acropora populations. Efforts should be made to
determine the degree of disease resistance that exists among clones and genetic mechanisms for
resistance. Research isalso needed to determine the efficacy of programsto control pest species
such as Coralliophila abbreviata and Stegastes planifrons

C. Pollution and sedimentation

Excess ve sedimentation generated by coastal devel opment, agriculture and dredging, increased nutrients
from agriculture, sewage discharge and fertili zers, and discharge of oilsand chemica sdisrupt normal
biologica and ecological processes, kill benthicinvertebrates, and artificially encourage growth of
macroalgae. Acroporidsare particularly sensitiveto poor water quality, asthey have apoorly devel oped
mechanismto remove sediment from their branch surfacesand they requirehighlight levelsfor
photosynthesis.

1. Florida

There need to beincreased non-point source pollution controlsto reduce or eliminate upland sediment
impactsto nearshore coral reefs, e.g., paveroads, construct sediment catchment basins, and utilize proper
Stedrainage.

Given therecent designation of State watersasano-discharge zone, expansion of thisdesignation toinclude
Federal waters (40% of the Sanctuary) has been proposed. Sanctuary staff are devel oping stepsto protect
and culture fragments of Acropora spp. rescued from boat-grounding sitesand other damaged areas. They
areexploring partnershipsfor therehabilitation of cora fragmentsfor future usein reef restoration projects.
TheFloridaK eyshasaWastewater Treatment Master Plan that comprehensively definesfuture needsfor
treatment systems. Thisplanisbeingimplemented, and atest project in onemunicipdity will generate data
on changesin nearshorewater quality that result from the conversion from on-site sewage disposal systems
(e.g., septictanksand cesspits)to centralized treatment facilities.
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2. Puerto Rico

Sedimentation and pollution are of growing concern to Puerto Rico’snearshorereefs. Law 147 directsthe
DNER toidentify and mitigate threatsto coral reefsfrom degraded water quality dueto pollution.

Resolution: Pollution and sedimentation could be signficantly reduced by fully implementing
existing authorities among various federal, state and territorial agencies, but this will require
greater efforts to monitor existing water quality, expanded studies to determine the ecol ogical
relevance of various pollutants, and improved permitting mechanisms for development projects
that affect coral reefs. Local partnerships among governments, land owners, industry and the
public are necessary to implement measures to reduce land-based runoff and prevent discharge
from known point sources.

D. Reducephysical impactsto coral populationsfrom anchoringand ship groundings
1. Florida

In 1997, NOAA designated Tortugas Bank asano-anchoring zonefor shipsat least 50 metersiong,
however, foreign-flagged shipscarrying international (non-NOAA) chartsdid not show thiszone. InMay
2002, the International Maritime Organi zation adopted aproposal to designate areasaround the Florida
KeysasaParticularly Sensitive SeaArea(PSSA). Asoneof theonly PSSA’'sintheworld, this
designation (effective Dec.1 2002) will increase compliance with no anchoring and reducethethregat of
groundingsand spills.

Using vessdl-grounding datafrom the FloridaK eys Nationa Marine Sanctuary, the U.S. Coast Guard
installed new markersat ahard-hit shallow reef historically dominated by Acropora palmata.

E. Captivebreeding programsand cor al restor ation appr oachesto rebuild Acropora populations

Captive breeding isapossible approach toward hel ping to rebuild Acropora populations. Aquaristshave
devel oped techniquesto successfully maintain and propagate scleractinian coralsin closed systems, and
Acroporidsare particularly amenableto culturing in grow-out systems placed on the seafloor. Someof the
magjor concerns, that need to be eval uated from amanagement perspective, include sources of fragmentsfor
grow-out, impact of culturing on genetic diversity, and possibility of reestablishing Acroporid populaionsin
degraded areasusing cultured branchesand colonies.

Itisnecessary to improve response and success of vessel grounding restoration projectsthrough
development of standard assessment procedures, notification protocols, and restoration approaches. Base
resources should be avail able to respond and react to catastrophicinjuries. Volunteer programscan
provide ass stancein therescue, re-stabilization, and monitoring of injured coral colonies.

Restoration projects should be conducted using ahypothesi sdriven scientific approach whenever possible.
Cord restorationisarelatively new gpproach to ecosystem management and isstill initsinfancy inregards
to methods and strategies. We have much to learn about the best methods and substratafor reattachment
of fragments produced by groundings, storms, and other events. For Acropora, avariety of approachesto
stabilize fragmentshave been undertaken, ranging from reattachment using cement, epoxy, wire, and cable
ties, however, cost and benefits of these approaches has not been evaluated. Devel opment of successful
methods should be donethrough designed experimental approachesthat will alow for better decision
making and project design.
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Restoration projects should be monitored in waysto help inform management actions. Numerous
restoration projects have been undertaken and can provide va uableinformation through long-term
monitoring efforts, yet the outcome of theseeffortsisrarely reported. Monitoring projectsshould be
designed to answer fundamental questionsabout the project’ s successasafunction of theecosystemasa
whole.

1. Florida

Severa restorationsin responseto ship groundings have been undertaken in FH orida, including groundings
within Acropora habitat. To date, three of these haveinvol ved stabilization and reattachment of branches/
colonies. A small-scaleeffort involving A. palmata was undertaken by the FKNM Sin collaboration with
Reef Relief, inwhich storm-generated Acropora brancheswere attached to cement rosettesplaced in
shallow water. Fragmentsgenerated by stormsand from ship groundings are a so being cultured by various
laboratories, including Mote Marine L aboratory and the FloridaAquariumin Tampa.

2. Puerto Rico

A biological restoration following the grounding of the FortunaReefer vessel wasundertaken off the east
coast of Monalslandin 1997. A total of 1857 A. palmata brancheswere secured to reef substrate and to
dead, standing A. palmata skeletonsusing stainlesssteel wire. 1n 2000, amid course correction was
undertaken, where surviving fragmentswerere-wired with heavy stainlesswireand asmall subset werealso
secured using cement. NOAA Fisheries hasbeen monitoring the success of thiseffort.

In southwest Puerto Rico, asmall NGO formed by University of Puerto Rico graduate studentsis
propagating A. cervicornisfragmentsby attaching small branchesto wireracksand growing theseoutin
shalow reef sites. Fragmentsare collected from different reefsand reef zones, in attempt to maximize
genetic and environmentd variation. Pilot studieshavebeen highly successful with high survivorship, rapid
growth rates, and the enhancement of localized fish populationsthrough creation of high relief substratein
non-coral areas. However, additiona research and small-scale projectsare needed to hel p determine
whether thisapproach can be utilized on alarge-enough scaleto be of useto managers.

3. U.S Virginlslands

A smadll coral transplant project utilizing Acropora palmata and A. cervicornisisunderway inthe Virgin
IdandsNational Park. Theresearchersareusing cabletiesto fasten naturally-occurring fragmentsof three
fast growing speciesof cora to damaged reefs.

Resolution: Coral mariculture and aquaculture and other propagation techniques, along with
transplantation, and reattachment of dislodged Acropora fragments, may provide a feasible
strategy to rebuild degraded Acropora populations. These efforts may be especially useful in areas
for which natural recovery is unlikely (due to an absence of parent colonies or sexual recruits),
and on a small scale to speed up recovery following a ship grounding. However, care must be
taken to ensure that source coral populations are not degraded, genetic diversity is maintained,
and potential introductions of pathogens or other invasives are avoided. In addition, restoration
efforts should not be undertaken unless the source of the threat has been identified and
addressed. Because we know very little about appropriate restoration strategies and potential
long-term ben€fits, all restoration efforts should be undertaken using an experimental approach
that includes measures to evaluate the success.
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5. Evaluation of Management MeasuresOutsideU.S. Waters

Any effortsto protect Acroporid cora populationsinthe U.S. would benefit from measuresadoptedin
other countries, ascoral populationsarelikely to belinked through sexual reproduction and dispersal of
planulalarvae. Measures proposed or existingin U.S. waters, including M PASs, Fishery Management Plans,
and improved Coastal Zone Management strategies, al so need to beimplemented outside of theU.S. Also,
new information on approachesto understand and address various stressors and enhance recovery of coral
populationsthrough propagation, transpl antation and other ecol ogical and biol ogical restoration approaches
should be shared with other countries.

Through abrief evaluation of existing measuresoutside of U.S. waters, protected areaswere recognized as
one of thekey areas of emphasis; many countries have established MPASs, but thesevary in scope, sizeand
success. Also, avariety of fishery management strategies have been adopted, but thereisagenera
consensusthat greater emphasi s needsto be placed on sustai nable management of commercialy important
food fishand ornamental species. Perhaps one of the most widespread initiatives, most countrieshave
implemented asystem of mooring buoysto reduce anchor damage.

A number of limitationswith existing management mechanismswereidentified. Most importantly, in many
cases management plans have been devel oped but not implemented; habitat destructionisoccurring asa
result of harmful fishing gears, dredging, and removal of mangroves, exiting regulationsareinsufficient and
protected areas are offered very limited protection dueto alack of enforcement capabilities; and strategies
to addresswater quality needtobeimproved. Finaly, it wasnoted that the agenciesthat have authority to
addressthemogt critical needsfor Acropora ofteninvolve different branches of the government, and more
cooperation between variousregulatory agenciesiscritical .

Resolution: A number of countries have taken key steps to protect coral reef ecosystems within
their waters through the development of MPAs, implementation of Fishery Management Plans,
and development of strategies to address water quality issues. However, these efforts need to be
greatly expanded on a local to regional scale and substantial new initiatives are necessary. There
isa need for improved sharing of information and technical assistance from the U.S.; greater
effortsto educate the public and user groups regarding the importance of coral reef ecosystems,
threats, and solutions; and better cooperation among different government agencies,
non-government organizations, industry and the public.

6. Regional and Global Initiatives

A. Regional organizations

Regional organizationsexist such asCaMPAM, anetwork for MPA managersin the Caribbean region.
However, groups such asthisgenerally lack funding and leadership. Thereisaneed to get upper
management of local conservation efforts more engaged in such regional-scale programs.

1. Coastal and Marine Productivity Networks (CARICOMP) and Atlantic and Gulf Rapid Reef
Assessment (AGRRA)

CARICOMP and AGRRA have been contributing to abetter understanding of the status of Caribbean
Acroporidsthrough their monitoring programs. Through their effortswe have been ableto get recent
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information from closeto haf of al Caribbean nations. Theseefforts should be supported and expanded to
enhance collection of dataon the statusand trends of these coral sfrom throughout their range.

2. Specidly Protected Areasand Wildlifein the Wider Caribbean Region (SPAW) protocol

The SPAW Programme supportsactivitiesfor the protection and management of sensitiveand highly
vauablenatura marineresources. Thisprogramis responsiblefor theregionalization of global
conventionsandinitiatives such asthe Convention on Biologicd Diversty (CBD), thelnternationa Coral
Reef Initiative (ICRI), and the Global Coral Reef Monitoring Network (GCRMN). Thegoasinclude
effortsto: 1) significantly increasethe number of andimprove the management of national protected areas
and speciesintheregion, including the development of biospherereserves, where appropriate; 2) to
develop astrong regiona capability for the coordination of information exchange, training and technical
assistancein support of national biodiversity conservation efforts; 3) to develop specificregional, aswell as
nationa management plans for endangered, threatened or vulnerable species; and 4) to coordinatethe
devel opment and implementation of the Regiona Programmefor Specialy Protected Areas and Wildlifein
the Wider Caribbean, in keeping with the mandate of the SPAW Protocol.

B. International Protection
1.CITES

All stony corasarecurrently listed on Appendix |1 of the Convention on theInternational Tradein
Endangered Species(CITES). Thislisting isdesigned to prevent the overexploitation of stony coralsasa
result of international trade by requiring that exporting countriesissue permitsfor thetradein corals. These
permitsmust includeafinding that the speciesin tradewaslegaly acquired and thetradein that speciesis
not detrimental tothe survival of thespeciesinthewild. Thislisting doesnot offer protection for coralsthat
areindomestic commerce.

2. Internationd Maritime Organization

Theddicate cora reefsaong the FloridaK eyshave becomethefirst internationaly protected nautical zone
intheUnited States. The 2,900-square-nautical-milezoneisdesigned to protect fragile coral from anchors,
groundingsand collisonsfromlargeinternationa ships. The zone stretchesfrom Biscayne National Park to
the Dry Tortugas and encompassesall of the 2,500-square-nautical-mile FloridaK eysNationa Marine
Sanctuary. Futurenautical chartsare expected to show thezone, known asthe” FloridaKeys Particularly
SensitiveSeaAred’.

Resolution: Several regional and international fora, including CaMPAM, SPAW, ICRI,
GCRMN, CITES, AGRRA and CARICOMP are available to assist in the regional and
international protection of Acroporid corals through improved management, monitoring, and
conservation. However, there are various limitations with several of these initiatives, such as
funding and leadership problems, a capability to adopt measures that address important concerns
but not necessary the most critical concernsfor these species, or limited public, government and/
or industry support.
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7. Potential Benefitsand Drawbacksof ESA Listing

Threatsto Acroporid coralspose difficult management problemsthat are currently addressed through a
patchwork of federd, stateand territorial regulatory and management programs. Themost important
programsinvolve managing state and federa parks, marine sanctuaries, commercial fisheries, offshore
mineral development, and coastal zone development. In most cases, these efforts have been devel oped
independently of oneanother, and they reflect strategiesto protect certain areas, to conserve certain species
or to provide broad protection. Whileexisting programs provide meaningful and necessary protection,
these programshave offered very limited protection for Acroporids, they have not always addressed
management needsfrom an ecosystem perspective, and they have not adequately addressed priority
conservation issuesfor these species.

A. Potential benefitsof ESA listinginclude:

The ESA providesameansfor conserving speciesthat arethreatened or in danger of extinction, and for the
conservation of the habitats upon which those speciesdepend. Oncelisted, the ESA mandates
implementation of arecovery program capableof restoring aspeciesinitsnatural habitat toalevel at which
it can sustainitsalf without further legal protection. Thegoalsof therecovery program areto 1) identify the
ecosystemsand organismsthat facethe highest degree of threat; 2) determine actions necessary to reduce
or eiminatethethreats; and 3) implement strategiesto recover the species.

Threatened speciesdesignation for A. palmata and A. cervicorniswould result in apopul ation-by-
population approach to protection through critical habitat designations, with stronger pendty structures.
Critical habitat designationscould in turn be used to helpimprovewater quality through aridge-to-reef
approach toimproved coastal zone management, e.g., protection of mangrove, seagrass, and coral reef
habitats.

Some other specific benefitsof an ESA ligtinginclude:

Critical habitat designation — protection and enforcement for areas occupied by Acroporaaswell as
habitats essentia to the survival of these species(e.g., associated mangroves and seagrass beds).

Captive breeding through implementation of a recovery plan- scientific effortsto understand and
improve mariculture, transplantation and other restoration approaches may be supported asakey
strategy torebuild populations.

I ncreased attention and awareness—an ESA listing would focus attention on coral reefs, specificaly
Acroporid cords, raising awvarenessamong public, legidators, and other public officids.

I ncreased research funding- through devel opment of arecovery plan one of the goalsmay be support
for targeted research leading to animproved understanding of Acropora biology.

Increased protectionfor al coral reef species- by protecting declining coral speciessuch as

A. cervicornisand A. palmata through the ESA, other species assemblages dependent on reefswill
al o benefit.
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Reduceimpactsto Acropora habitatsfrom development or dredging - Prevents projectsfunded,
authorized or carried out by the Federal government if those activitieswould contributeto the
degradation of habitat occupied by the species.

Copy-cat effect- through an ESA listing, greater recognition may beraised for the protection of other
key invertebrate speciesthat area so declining.

B. Potential drawbacksof an ESA listinginclude:

Enforcement of incidental damagewould bedifficult
Additional stepsfor researchersto obtain permits
Drawsmore attention to species

Section 7 consultative requirementsfor any impacts
Difficulty of defining“take’

Captive breeding/aguaculture

7. Implicationsof Not Taking Additional Steps

Thereare numerous strategiesthat are needed to protect coral reef ecosystemsand many of these canbe
implemented under existing authorities. However, no singlemechanismislikely to besufficienttohdt the
decline of these coral sand enhancetheir recovery. Itislikely that managerswill haveto apply dl of their
toolsto ensurerecovery of these species, including application of the ESA. AnESA listing asthreatened
or endangered would requirethe development and implementation of arecovery plan thereby reducingthe
likelihood of extinction by aleviating threatsaffecting these peciesand promoting strategiesto increase
populationsize,

Acropora palmata and A. cervicornisarethefastest growing framework-building coralsin the Caribbean.
Their demiseover the past 10-20 yearslikely hasresulted in reef erosion ratesthat exceed accretion. This,
inturn, canleadto:

Lossof shordine protection

Habitat and biodiversity loss

Declining tourism asreefslose structureand associated animals

Another implication of not taking additiona stepsfor Acroporaisthat we may soon befaced with the next
group of speciesthat arerapidly declining from similar threats— Montastr aea—the second-most important
genusthat has built Caribbean reefsfor the past millionyears.

Resolution: An ESA listing would provide additional necessary conservation mechanisms, above
and beyond the existing tools available to resource managers, to protect and restore these species
while providing added benefits for associated species; it would provide for increased recognition
and awareness of coral reefs, their importance and their vulnerable condition; and it would
enhance our ability to fill information gaps through support for targeted research and
monitoring. An ESA listing would also add additional burdens and costs for increased
management, enforcement and permitting of activities. No single mechanism is likely to be
sufficient to halt the decline of these corals and enhance their recovery. It islikely that managers
will have to apply all of their tools to ensure recovery of these species, including application of
the ESA.
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8. Additional Infor mation Needs of Resour ce M anager s

Thereisacritical need for standardization of collection, interpretation, and presentation of information. This
standardizationisnecessary for direct comparisonsof informationfrom different Sites, particularly ecological
data

A. Settlement and recruitment of Acropora

Resource managers need abetter understanding of factors determining successful settlement and recruitment
of Acropora. Itisfairly well established that anintermediatelevel of grazing by Diademaresultsin
higherdensitiesof coral spat, and it would be hel pful to determinewhether thisisthe casefor Acropora.
Ongoing research by Drs. AlinaSzmant and Margaret Miller may help answer thisquestion. Research by
Dr. Bob Steneck has showed that aparticular speciesof corallinered agaeattractsanumber of different
coral spat intheIndo-Pacific. Thisalgaoccursin the Caribbean, but we do not know whether thissame
effect occursgeneraly and for Acroporain particular.

B. Genetic linkages of populations
M etapopul ation geneticsof Acroporaisafina topicinneed of further research. Thereisan ongoing study

of A. palmataintheFloridaKeys andthisisan areathat recently hasgained far more attention by
scientigs.
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Report from the Information Needs Working Group

Compiled by John McManus
Working Group Members. Christy Loomis, Jeff Miller, Toby Gardner, Juan Diaz, DennisHubbard, John
McManus, Steven Miller, Rich Aronson, Barry Devine, Hector Ruiz, CarlosBacheco, Bill Precht

INTRODUCTION

Thegoa of thisworking group wasto make recommendations on how information needscan bemetin
support of recovery effortsand effective management of the corals Acropora pal mata and Acropora
cervicornis. Theserecommendationsfocusonthe need toidentify and quantify critical habitat, to quantify
thecurrent and historical extentsof these species, toidentify changesthat have occurred over timein
biologica and geological timeframes, and to determinethe stability of their populationsand thefactorsthat
influencethisstability. Specific questionsare addressed withinfour topical areas: A) remote sensing, aerial
photography and geographicinformation systems(GI1S); B) historical/geol ogical questionsand studies; C)
strategiesto enhancerecovery; and D) research and monitoring needs.

1. Remote Sensing, Aerial Photography, and Geogr aphic I nfor mation Systems(GI S).

A. What types of information can we get on critical habitat, historical distribution and extent of
Acroporid populations, and on the nature of their declines?

We are concerned with critical habitat in several senses. First, wemust identify and map the habitatsthat
currently includeliving Acropora, and thosethat havedone sointherecent past. Itislikely that thesewill
includemost of the areathat can potentially be colonized by Acropora. Further, in case oneor more
speciesof Caribbean Acroporaareto beincluded ontheU.S. Endangered Species Act, the capacity must
exist for peopleto identify key areasof current Acropora growth, and to identify associated habitatson land
and seq, that providecritical ecological links (adjacent forested watersheds, salt ponds, mangrove and sea
grasscommunities, etc.), whose protection would be essentia in conserving those key coral reefs.

Inall cases, weneed to gather together existing mapsof current and historical Acroporadistributions, as
well asmapswith abroad range of information fromwhich potential Acropora habitats can beinferred,
including mapsof bathymetry, water quality, physica oceanography, and substratetype. Theseshould be
madeavailablewithinaGIlS systemin order to facilitate quantitativeinferencesand overlay andysisaswell
asto provide accessto theinformation to awide audience. Local expertsshould be consulted, and data
added from the presentations of theworkshop participantsand other sourcestofacilitatetheinference
process. Wherefeasible, layers should beincorporated into the GI S representing Acropora distributions as
reported over time.

Inlight of thetemporal andlogistical constraintsimposed, to assist with the processof identifying existing
Acropora habitats, researcherswill need to use existing aeria photography in conjunctionwith existing and
new ground truth data. Theavailability of aerial photographsisvery patchy throughout theregion. Thereare
someareasinwhich coral reefshave been mapped with multi- and hyperspectral datafromair borne
sensors, particularly in U.S. waters. 1nsomeareas of the Caribbean, very little mapping of coral reefs
exists. For such areas, satellite mapping may be helpful. However, thiswould best be undertaken by
groupsthat are already engaged in broad areareef mapping work, asexperienceat that scaleiscrucia in
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accurate datainterpretation. Inall cases, canvassing of local experts can be used to minimizetheneed for
detailed ground-truthing and to provide supplemental information.

Resolution: Thereis a need to compile existing maps, historical and current aerial photographs,
bathymetric information, airborne sensor data, and other types of information showing existing
and potential Acropora habitats and associated terrestrial and marine habitats essential to the
conservation of Acroporids. These data should be incorporated into a Gl S database to delineate
critical habitat and design appropriate conservation strategies to protect these areas. While a
good deal of recent information is available from U.S. locations, thereis a need for ground
truthing of maps and improved resolution of maps as well as a need for expanded mapping efforts
in non-U.S. locations.

B. What are the compar ative advantages and limitations of the sensor-based mapping tools
currently available?

Themajor optionsfor sensor-based reef mapping currently are satellite data, aerial photographs, airborne
multi- and hyperspectral data, and acoustic datafromwatercraft. Additionally, airbornelaser systemssuch
asLIDAR can be used to provide high-resol ution bathymetric informati on which, when used with other
alrbornesensor data, can provide extremdy useful information onthedistribution of ecological communities
associated with coral reefs. TheLIDAR and hyperspectra optionsareexpensiveintermsof initial
investment. However, they areultimately cost effectiveintermsof thewiderange of purposesto which the
datacan be put to support effective reef management and conservation. We note, however, that none of the
optionscanthusfar reliably distinguish among speciesof cord inany but exceptional circumstances. The
usesand limitations of each approach arelisted below:

o Sadlite
8 Poor resolution
8 Requiresheavy ground-truthing
8 InU.S watersand sporadicaly elsewhere
8§ Grossareadetermination
0 Aeid photos
8 Higherresolution
| ntermediate ground-truthing
Require geometric correction
Require expensive processing and specific expertise
Most commonly used
8 Finer scdethansatellites
0 Multi- and Hyperspectra Airborne
8 Needssignificant ground-truthing
8 Primarily usedinUSwaters
o Lidar
8 Providesprimarily depthinformation.
§ Bestusadinconjunctionwith other airbornedata.
0 AcousticMapping
§ Canestablishcoral presence/absence
§ Sillindevelopment

§
§
§
§
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Resolution: While sensor-based reef mapping technologies can provide high resolution
information on the distribution of ecological communities, current technology does not provide a
reliable tool to distinguish among species of corals or condition (live, dead or diseased or
bleached colonies). Thus, the use of sensor-based mapping tools must be combined with
underwater visual, video, and photographic monitoring and assessment.

2. Historical/Geological Questionsand Studies
A. How have populations of these corals changed over the last 10,000 years?

Ecological observations suggest Acropor a populationsfluctuate on small scalesof time and space.

L ocation-specific coresand outcrops have revea ed no evidence of population declinessimilar to that
currently underway in at least thelast 2500 years (late Holocene), at least inthose sites. However, in parts
of Floridaand the USV I it appearsthat there have been gapsintherecord. For instance, limited coring off
Buck Idand USV I suggeststhat the reef community wasdominated by Acropora palmata over thelast
7000 years, but it disappearsfrom thereef system 3000 ybp and then reestablishes after nearly a 1000 year
hiatus. Therearesuggestionsthat thisispart of aregiona pattern that isnot explained by sealevel changes
or local oceanographic conditions. Theoccurrence of thisevent arguesfor aregional cause, suchasa
widespread outbreak of disease, yet thiscannot be confirmed at thistime.

Previousinterruptionsin growth werefollowed by recovery. However, thisdoesnot imply that we can
necessarily expect recovery from the current population decline, because anthropogenic stressesare
currently exacerbating the problem.

Resolution: Thereisaneed for larger, regional scale coring programs to compile a long-term
record and compar e thisto present day changes.

B. How well can we identify the causative agents for declines in the populations of Acropora?

Plausible scenariosfor some past, localized interruptionsin Acropora growth can beinferred from
considerationsof local changesin sealevel and antecedent topography. In other cases, the cause cannot
beeasly identified from those considerations. Further research on present day Acropora popul ationsmight
potentially provideabasisfor determining causesof past declinesin their populationsfrom evidence
preserved in the geochemistry or inthe composition and nature of thefossil assemblage. Itisimperativeto
improve our understanding of the nature of the recent declinesin Acropora popul ationsthroughout the
Caribbean (white-band disease, predation by mobilefauna, hyper and hypo-thermic stress, land based
sourcesof pollution, and othersincluding interactionsof natural and human induced stresses). In particular,
we need to have abetter understanding of the causes, mechanisms, and epizootiology of cora disease.

Resolution: We need to improve our understanding of the nature of recent regional declinesin
Acropora populations, and whether evidence for causes of past declines are preserved in the
geochemistry of Acropora fossilsto determine whether the observed declineis part of a natural
cyclical process for which natural recovery islikely, or whether anthropogenic stressors have
exacer bated these processes and may inhibit recovery.
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C. What is the extent of existing geological information on Acropora and what should be
recommended for further research?

Current geologicd information relevant to Acroporaismostly location-specific. A completegeological
picture of past occurrenceswould require core and outcrop sampling of Hol ocene depositsthroughout its
range at multiple spatial scales; these samples should be dated at ahigh resol ution.

3. Strategiesto Enhance Recovery

A. What are the practical issuesinvolved in the restoration of Acropora populations, including the
potential usefulness of propagation and transplantation?

Thegoalsof mitigation or restoration must be established (e.g., how much should Acroporid cover be
increased?) prior to any action. Eliminating or reducing the known anthropogenic causes of declines
(including sedimentation, pollution, eutrophication, global warming, over fishing, shipgroundings, etc.) isa
prerequisitetorestoration. Similarly, agreater understanding of causesand consequencesof coral disease
(white-band, white pox, and other emerging disease) isessential.

Resolution: Reef restoration at any scale will have, at best, very limited success unless the causes
of decline are understood and action is taken to reduce these threats.

Transplantation and propagation could enhance popul ationsor limit further declinesin smal scales(e.g., ship
grounding scars) dueto theimportance of fragmentation asameansof reproduction in Acropora Species.
However, itisimportant to avoid reducing natura genetic variability and atering the degree of loca
adaptation in subpopulations. Thus, we need information on the genetic structure of Acropora
subpopulationsand mapsof previousdistributions. Thisinformation should be used in selecting coloniesfor
trangplantation and in devel oping propagation programs. Thereisahigh cost associated with applying these
methodsat large scales. These costs should beweighed against potentia benefits, probability of long-term
success, and other management options. Because of the complexity of reef ecology, therewill dwaysbea
highleve of uncertainty involved inany such management interventions. Any restoration optionsnecessitate
an adaptive management approach, with the understanding that eachinterventionisto betreated asan
experiment and theintervention adjusted over timein responseto periodic eval uations of the successor
falure

Resolution: Transplantation and propagation of Acropora coloniesis a viable tool to enhance
recovery at local scales, but considerations such as appropriate selection of colonies and
fragments, the potential effects on genetic structure of populations, and the potential benefits
must be weighed against the probability of natural recovery, other management interventions,
and likelihood of long-term success.
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B. What isthe potential usefulness of enhancing sexual reproduction and recruitment in Acropora?

Improving sexual reproduction and therecruitment of sexually produced planulaewould require agreater
understanding of the biology of Acropora species, with emphasisonthefactorsinvolvedin determining the
natural balance between asexua and sexual reproduction, and the cuesinvolved in the settlement of
planulae. Morework isneeded on demographic modeling to predict response of populationsto future
disturbances and stresses, and this should encompass arange of spatial and temporal scales.

Resolution: Effortsto enhance sexual recruitment may provide a useful tool to promote recovery
of populations, but additional research is needed to understand different aspects of sexual
reproduction, including basic information on reproductive biology, role of water circulation in
transport of larvae, and larval settlement requirements.

C. What other strategies should be considered to enhance the recovery of Acropora populations?

Thereareinitia effortsto redistribute and propagate Diadema seaurchins so asto enhance herbivory in
areaswhere Acropor a settlement may be hampered by high densitiesof macroalgae. Aswithany such
interventions, these efforts should include studies of the genetic variability and subpopul ation structure of the
seaurchin, and the operations should be designed to preserve thisvariability and structure. A variety of
other potentia strategiesare under investigation. Progress onthese could be greatly enhanced by agreater
understanding of relevant ecological processes(ie. snail predation, damsdfishinteractions, fireworms).

Resolution: Novel ecological restoration efforts, such as strategies to enhance herbivory, reduce
predation pressure, eliminate pest species, and mitigate diseases may have benefits on a local
scale, but it is critical that these efforts be undertaken using a science-based approach that
incorporates efforts to understand ecological processes and potential impacts of human
modification of these processes.

4. Resear ch and monitoring needs

A. What are the needs with respect to the monitoring of Acropora populations, standing colonies,
fragments and new recruits?

Assessment, mitigation and restoration activities, including creation of the demographic model sdiscussed
above, require monitoring of percent cover of Acropora speciesaswell ascountsper unit areaof the
different life stages(colonies, fragments, living cora crusts, and new recruits). Individua coloniesat
different life tages should be monitored in comparative studies acrossarange of environmental conditions
including anthropogenic stresses. Monitoring should be carried out at multiple spatial scalesover thenext
several decadesat timeinterval sappropriate to the processesbeing investigated, and sampling design
should bebased on datistical power analysis. Monitoring should include assessments of abiotic parameters
including potentia pollutantsand other factorsthat may enhancethedecline of Acropora populations.

Resolution: Greater efforts are needed to monitor and assess Acropora populations at local to
regional scales, at time intervals appropriate to the process under investigation, including studies
to follow individual colonies at various life stages exposed to different environmental conditions
and anthropogenic stressors.
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Acropora Coralsin Florida:
Status, Trends, Conservation, and Prospects for Recovery

Compiled by Margaret W. Miller with contributionsfromWalt C. Jaap, Mark Chiappone,
Bernardo Vargas-Angdl, BrianKéler, Richard B. Aronson, and Eugene A. Shinn

ABSTRACT

Despiterepresenting the northern extent of Acropora spp. rangein the Caribbean, most of the Floridareef
linefrom Palm Beach through the Keyswasbuilt by these species. Climatic factorsappear to have been
important agents of Acroporalosswithin historic (century) timeframes. Inthe recent past (1980-present),
available quantitative evidence suggests dramatic declinesoccurred in A. cervicornisfirst (late 70'sto 84)
with collapse of A. palmata occurring later (1981-86). However, recent monitoring studies (1996-2001)
show continued decline of remnant populations of A. palmata. Current trendsin A. cervicornisinthe
HoridaKeysarehardto assessgivenitsexceedingly low abundance, except in Broward County, FL where
recently discovered A. cervicornisthicketsarethriving. Whilethe State of Floridarecognizes A. palmata
and A. cervicornisasendangered species (Deyrup and Franz 1994), thisdesignation carriesno
management implications. The current management plan of the FKNM S providesmany strategiesfor cora
conservation, among them minimizing thethreat of vessal groundingsand anchor damage, and prohibitions
on collection, touching, and damage from fishery and recreational users. Although Acropora spp. arenot
explicitly givenany specia consideration, they areimplicitly by Sanctuary management. Restoration
approachesundertaken in the FloridaK eysincluderescue of fragments damaged by groundingsand
experimental work to culture broadcast-spawned larvae to re-seed natural substrates. Neither of these
effortshaveyet realized full success.

Geological history

Prior to the most recent moderate sea-level phase, Floridareef devel opment proceeded under high sea
level conditionsinthe absence of the sensitive Acroporaspp. These specieswere absent in Floridadueto
theinimical effectsof Gulf watersflowing unimpeded fromtheshelf (now ForidaBay) over thereef tract.
Slow-growing head coralsbuilt the Pleistocene Floridareefs. However, the spur-and-groovereef
structureswhich we observeinthe FloridaK eystoday aswell asfor the three-reef system from Pam
Beach to northern Miami-Dade County areall constructionsof Acroporapalmata (Lighty 1977, Shinn
1988). Therapid growth of thisspecieshasallowed thisimpressive accretion on ashort geological time
frame, thelast 6-7K yearswhen sealevel hasbeenlow. Early Holocene conditionswere perhaps best
conduciveto rapid Acroporid colonization, but rising sealevel sbetween 5 and 3 thousand yearsago led to
thedemise of thereef system north of Fowey Rocks, and the die-off of Acroporid reef flatsdueto flooding
and formation of FloridaBay.

Thus, although geological evidence suggeststhat coral reef formation hasoccurred in the absence of
Acropora spp. inthedistant past under high sea-level conditions, itisclear that future functiona absence of
these specieswill severely compromisetheability of Floridareefsto survive anticipated sealevel rise(i.e.,
their ability to“keep up”) inthe not-too-distant future.

Long-term trends(100yr)

Thebest observational/anecdotal evidence comesfrom the Dry Tortugasregion (Agassiz 1882, Mayer
1902, Davis 1982, Jaap et a. 1989, Jaap and Sargent 1993, etc.). These observationssuggest impressive
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decline of A. palmata occurred between 1881 and 1977 (prior to 1980’ swhite-band disease epidemic)
dueto natural disturbances such ascold fronts, hurricanes, and “ black water” events. Jaap and Sargent
(1993) report overall loss of A. palmata cover inthe Dry Tortugasfrom 44 hectaresin 1881 (Agassiz
1882) to alow of ~200m?in 1977 to an areaof 1400 m? by 1993. Lessinformationisavailableregarding
historical tatusof A. cervicornisinthe Dry Tortugas, but it wasal so significantly impacted by asevere
cold front during thewinter of 1976-77. Following the cold front, Davis(1982) reported ~91% | oss of
staghorn coral in Dry Tortugas. Jaap and Sargent (1993) suggest that disturbancesin the Tortugasregion
(e.g. adversewater quality, possibly destructive storms) have rendered most habitats unsuitablefor
Acropora spp. and hence, makesfull-scalerecovery unlikely. However, comparisons between maps
developed by Agassiz (1882) and those of Davis(1982) illustrated that staghorn coral occupied extensive
areasof habitat previoudy dominated by gorgonians (octocora -dominated hardgrounds), suggesting that
phase shifts could occur onthe order of decades.

Jaap (1998) reportsalternating reef strataof A. cervicornis/proliferaand head coralsvisiblein reef
excavation created by aship grounding in 1989, suggesting the repeated appearance/loss of staghorn corals
over geological timescaeinthisregion. Evenover ashorter time scale (1965-2001), photo sequencesby
Shinn (Fig. 1) show riseandfall of Acroporagrowthinthevicinity of afocal head cora at Grecian Rocks,
Key Largo, FKNMS.

Medium-term trends (ear ly 1980sto mid-1990s)

Most published reports of Acropora spp. statuscomefromthisera(see Table1, Fig 2). Dustan and
Halas (1987) report inamonitoring study at Carysfort adight increasein coverage by A. palmata, but an
18% decreasein coverage of A. cervicornis between 1974 and 1982. The A. palmata increase was
accompanied by adecreasein mean colony size, indicating substantial fragmentation during the study period
whichtheauthorsattributelargely to anthropogenic physica disturbance (boat groundingsand visitor
impacts). Thissuggeststhat any maor white-band disease (WBD) impactsto A. palmata at Carysfort
Reef probably occurred after 1982. However, the deeper reef terrace at Carysfort Reef, which was
historically dominated by staghorn coral, suffered dramatic lossof thisspecies, probably dueto diseaseand
predominantly after 1982. Szmant (perscomm) reportsacompleteloss of both speciesinthevicinity of
the Carysfort tower between summer 1982 and asubsequent visitin April 1984.

Jaap et d. (unpublished) a so found stable A. palmata popul ations at Elkhorn reef (Biscayne National Park)
from 1977-81 and at Elbow and French reefs (Key Largo) from 1981-86. In contrast, disease and storms
caused the demise of A.cervicornisat these samereefs. Jaap et a. (1987) reportsamonitoring study of
Molasses Reef during 1981-86 showing adrastic declinein A. cervicornis(96%) over the course of this
study, but stable A. palmata abundance. Again, thissuggeststhat the major A. palmatadecline, at leastin
theKey Largo areatook place after 1986. Jaap et a. (unpublished) also observed acompleteloss (100%)
of 175 coloniesof A. cervicornisat French reef over the sametime period, probably dueto stormsand/or
disesse.

Jaap et a. (unpublished) conducted ahistologica study of coral reproductive activity in Biscayne National
Park from September 1977-May 1981. Active gonad development in A. cervicorniswasobservedinall
yearsof thestudy. However, A. palmatafailed to display gonad devel opment in 1980.
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Figure 1. Photo sequence of asingle head coral (Montastraea faveolata) at Grecian Rocksin the upper
HoridaKeysNationa Marine Sanctuary showing increase of A.cervicornisfollowing 1965. Thethicket
was partialy dead by 1978 and completely dead but standing by 1979. Between 1979 and 2001, gradual
collapse of thethicket structure and col onization by octocora sisobserved. Source: EA Shinn

Porter and Meier (1992) report overall lossof A. palmata cover (stability at one out of 7 stations) and a
substantial decreasein colony size, particularly at LooeK ey, over the period of 1984-91. Theauthors
suggested that disease, mortality from bleaching, and algal overgrowth dueto reduced urchin grazing were
possiblefactorsresponsiblefor thedecline.
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Fig. 2. Map of theregion described in thispaper. Mg or sitesare numbered from northeast to southwest.
Representative sites: 1) Broward County; 2) Ball Buoy, Biscayne National Park; 3) M olasses Reef,
FKNMS; 4) LooeKey, FKNMS; 5) Dry Tortugas National Park; 6) Tortugas Bank, FKNMS.

A snapshot mapping study of LooeK ey reef suggestsarea (m?) losses of ~93% and ~98% for

A. palmata and A. cervicornis, respectively, between 1983 and 2000 (Miller et al. 2002a). Based on
studiesby Dustan and Halas (1987) and Jaap et al. (1987), itisquitelikely that the 1983 basdlineusedin
thisstudy was already depressed, at least for A. cervicornis. A systematic survey of deeper reefs(13-19
m) aong theentire FloridaReef Tract in 1995 found A. cervicornisto be present at only seven of 20
sitesand never at morethan 0.62% cover (Aronson and Murdoch, unpublished).

The speciesstatus of Acroporaproliferaisunder scruti nyl, and itshistory ispoorly documented.
However, it has suffered population collapse equivaent to A. cervicornisandisvery rare, beingseenina
few locationsin Dry Tortugas over the past decade (Jaap, pers. comm.).

vollmer and Palumbi (2002) present data that demonstratesthat A. proliferaisamorphologically variable,
first generation hybrid of A. palmata and A. cervicornis.
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In summary, available quantitativeinformationindicatesthat A. cervicor nisunderwent drastic declineinthe
late 1970sto early 1980sthroughout the FloridaK eys, dthough theinformation with thebest temporal
resolution comesfrom the Upper Keys. A. palmata decline seemsto have been less severethrough 1986,
reported most commonly asadeclinein colony size. A. palmata did show severedeclineat LooeKey
beginninginthelate 1980s. Thereisvery little monitoring information avail able between 1991 and 1996.

Short-term trends(mid-1990sto the present)

Severa reef monitoring projectsbeganinthe FloridaKeysinthemid to -late 1990s (1996 and 1998)
which provideexcel lent quantitative dataon cora (including Acropora) abundanceand, in some cases,
condition. Resultsfrom these projectsare consistent in showing very low colony density and coverage
patternsfor both species. Thereisa so evidence of continued declinein both speciesover the period from
1996t0 2001. Theonly exception to thispatternisthe discovery of A.cervicornisthicketsin Broward
County, Florida, where monospecific stands appear to bethriving in nearshore hardbottom habitats.

A. Synoptic monitoring of Keys/Tortugas reefs (Chiappone, Svanson, S. Miller):

During 1999-2001, arapid assessment of 260 siteswere sampledintheregion, including 204 sitesfrom
southwest of Key West to northern Key Largo and 56 sitesin Dry TortugasNational Park, the Tortugas
Bank, Riley’sHump, and south of the MarquesasK eysin astratified random sampling scheme. Mean
percent coveragefor both Acropora species, as determined from surveysof 100 pointsfor each of four
transectsper site, waslow. Inthe FloridaKeys, mean coverageby A. cervicorniswas 0.049% among
eight habitat typesand did not vary significantly. Mean cover wasgreatest on high-relief spur and groove
reefs(0.049%) and offshore patch reefs (0.045%). Mean coverage by A. palmatawaseven lower
throughout the FloridaK eysthan its congener, even on many high-relief spur and groovereefswhereit was
formerly abundant. Among theeight habitat typessurveyed, A. palmatawasonly recorded in high-relief
spur and groovereefswhereit wasformerly abundant. Mean coveragein thishabitat typewas0.158%
and ranged from 0.158% in thelower Keys, 0.300% inthe middleKeys, to 0.338% in the upper Keys.

Thedensity of Acropora colonieswasquantifiedin25mx 0.4 mor 10 m x 0.4 mtransects. For

A. cervicornis, mean colony densitiesamong the eight habitat typeswere no greater than 0.052 colonies/m?
and therewere no significant differences detected in mean colony density among habitat types. Offshore
and mid-channel channel patch reefshad the greatest mean densities (0.047-0.052 colonies/m?). Within
strip transect surveys, coloniesof A. palmatawere only foundinthehigh-relief spur and groove habitat.
Themean density estimatefor thishabitat typewas0.036 col onies/m?, ranging among regionsfrom
0.010/m?- 20.010/m? inthe middle Keys, 0.015/m?-20.015/m? inthe lower Keys, and 0.073/m? -
20.073/m? intheupper Keys. Patches of numerous colonieswere evident at Sand Key, Eastern Dry
Rocks, Molasses Reef, Sand Idland, and Elbow Reef, most of which arewithin FKNM S no-fishing zones.

Because density estimatesusing 25 mx 0.4 mor 10 mx 0.4 mtransectswere so low for both Acropora
species, the 2001 surveysal so included larger and additional transectsto assessdensities. For theFlorida
Keysshallow forereef, both spur and groove and hardbottom were surveyed from Key West to northern
Key Largoat 2mto8 mdepth. Densitieswereextremely patchy (Fig. 3) and despitetherelatively large
samplearea, only 43 colonies of A. cervicornisand 302 colonies of A. palmata wererecorded. Maximum
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densitiesfor particular reefswere 2.25 coloniessm?for A. cervicornisand 12.13 colonies/m? for
A. palmata (Fig. 3). Inlow-relief hard-bottom habitats, 50 A. cervicornisand 18 A. palmata colonies
were encountered and were even more patchily distributed.

Theprevalence of diseaseor disease-like conditionsindicated relatively low prevaence of for both
Acropora species, although few colonieswere assessed during 1999-2001. Of the 31 A. cervicornis
encountered, only one colony exhibited signsof possiblerecent disease. Three of the 18 coloniesof A.

pal mata assessed exhibited either white band disease or signs of recent disease, evidenced by dead white
skeleton. Not surprisingly, few juvenilesfor either Acropora specieswere encountered from the 260
FloridaKeyssites. Reconnaissance surveysin severa locations, however, did reveal somesmaller colonies
presumably derived from sexud recruitment, supported by thelack of nearby colonies.
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Fig.3. Mean density (no. colonies/100 m?) of Acropora cervicornisand A. palmata on high-relief spur
and groovereefsonthe FloridaKeysforereef during 2001. Sitesare arranged from southwest to
northeast and error barsrepresent one standard error. Valuesin parenthesesarethe number of sites
surveyed for each reef, with 400 m? surveyed for colony numbers per site. Source: Chiappone,
Swanson, & SMiller, (unpublished data).
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B. Coral Reef Monitoring Program (Coral Reef Monitoring Program, Jaap et al.)

Begunin 1996, the Coral Reef Monitoring Program (CRMP) samplesfour 10 m permanent video transects
at each of over 40 reef sitesthroughout the FloridaKeysand Dry Tortugas. A. palmata occurred at five
shallow reef sitesout of the 40 sampled. The percent cover contributed by A. palmata at upper Keys
Reefswaslow at the beginning of the study (7.2-7.3% in 1996) and declined to lessthan 1% by 2000.

A. cervicorniscoveragewaseven lower, declining during 1996 to 2000 from 0.13%in 1996 to 0.03%in
the upper Keys, from 0.26% to 0% inthe middle Keys, and from 0.11%t0 0.02% in the lower Keys.
White Shodl, inthe Dry Tortugas, istheonly sitethat exhibited relatively stable coverage patternsof A.
cervicornis(~2-3% cover).

C. Focal monitoring of Acropora palmata (M. Miller, et al.)

A dramatic declinein A. palmata abundance was observed at 6 focal patchesintheKey Largo areasince
1998 (mostly from 1998-1999) and littlerecovery sincethen (Miller et al. 2002b). Thisdeclinewasmost
evident at Steswhere A. palmata occursas sparse, individua colonieswheretotal colony abundancefell
by 77% between 1998 and 2001. Thisdeclinewaslessevident in denser thicket standswhere mean colony
density declined from 1.1 colonies/m?in 1998to 0.8 colonies'm?in 2001. Theincidence of white-band
diseaseinthisfocal survey study wasawayslessthan 6% of coloniesfor each site and the mean prevalence
for all steswasaways< 3% of colonies(< 2%in2001). Prevalenceof three-spot damselfish (Segastes
planifrons) was much higher, ranging up to 70% of coloniesat French Reef in 1998. The mean prevaence
(n=6 sites) ranged from 30%to 40%for all survey years. Thedensity of corallivorousgastropods
(Coralliophila abbreviata) averaged over al surveyed coloniesranged from amean of ~ 0.5 snails/ colony
in 1998 to amaximum over 1 snail/ colony in 2000 and decrease back to ~0.8in 2001.

D. Broward County Acropora cervicornis (Vargaset al.)

Whilethe geographic range of A. cervicorniswas awaysknown to extend to Palm Beach County waters,
therelatively recent discovery of thriving thicketsin Broward County (Fig. 4) wasexciting and unexpected,
especidly giventhedisma state of A. cervicornispopulationsin seemingly lessmarginal areasfurther south
intheFloridaKeys. Extensivemapping activitiesrevea at least six siteswith A. cervicornisthickets
averaging 13% livetissue cover and with A. cervicorniscolony densitiesranging from 1.3-3 colonies/n?.
Recent ecological studiesdocumented linear extension growth rates of 8-9 mm/month and broadcast
spawninginthislatitudinally marginal population. No occurrence of white-band disease hasbeen
observedinthese populations.

Incontrast, A. palmataisextremely rarein Broward County, Florida, and was probably never abundant
sincethe demise of early Holocenereefs(Lighty et al. 1977, 1978 papers discussthe devel opment and
demise of the northern Dade to Plm Beach County relict reef system).
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Fig.4

Fig. 4. Acroporacervicornisthicketsthriving in Broward County, FL.. Source: B Vargas-Angel

E. Additional observations

Weaver (persona communication) reportsadie-off (13% live cover to <1%) of an A. cervicornisthicket
at Little Africareef inthe Dry Tortugas between 1995 and 1997. Thisdie-off appearsto befrom disease,
sncethereisstill standing dead structureand afew small colonies/recruitsin the surrounding rubblefield
persist. Norecovery was observed at this site between 1997 and 2002.

Current status (May 2002) of Acroporaspp. inthe Dry Tortugasregion includesvery sparse occurrence
of A. cervicornis(suffering from damage by threespot damselfish and some disease) on the Tortugas
Bank. In 1993, the A. palmata patch included an areawith high density and periphera areaswith rather
low density of A. palmata. InMay, 2002, theoverall statusis, A. palmata have declined in abundance
(qualitative observation) and the higher density cluster isvirtually non-existent. A nearby patch of
Acropora prolifera seemsto have expanded noticeably since 1993 and appears healthy and thriving
(Jaap, pers. obs.). Interestingly, no corallivorous snailswerefound onany AcroporacoloniesintheDry
Tortugas inthreedaysof searchingin May 2002 (M. Miller pers. abs.).
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Current conservation, management and restor ation status

Themajor cora reef management entity intheregionisthe ForidaK eysNational Marine Sanctuary
(FKNMYS), with smaller marine areas administered by the Nationa Park Serviceand the State of Florida.
The FKNM S Management Plan contains 12 separate Action Plans (e.g. zoning, mooring buoys,
restoration, channel marking, etc.), all of which contributeto varying degreesto cora protection. While
Acroporaspp. arenot explicitly noted in the management plan, they implicitly receive specia
considerationinal Sanctuary management actions. Additional protective measuresto be undertaken could
include greater education and outreach effort, improved waterway markers, and harsher pendlties,
particularly at siteswith remnant A. palmata popul ationsthat receive repeated vessdl groundings.

Several management needs persist that could improve management and conservation of Acropora spp.
populationsinthe FKNMS. Theseinclude moreresearch on Acropora recruitment and propagation,
distribution and abundance mapsfor extant Acropora popul ations, and greater capacity for episodic event

response.

The FKNM S hasundertaken several restoration efforts (and some partnershipswith NGOs such as Reef
Relief) regarding Acropora palmata, particularly in responseto groundingsin thelower Keysregion.
Rescue and re-attachment of grounding-generated fragments has had mixed success, in that subsequent
storm eventshave destroyed some of thetransplant/nursery structures. Recent research effortsat larva
cultureand settlement of A. palmata have had little success (Szmant and M. Miller, persona
observations). Since 1998, two collections at mass-spawn have been accomplished (1998 and 2001 at
Horseshoe Reef), but viablelarval culturesfailed to devel op despite smilar proceduresashad produced
successful culturesand settled recruitsin past yearsfrom spawn collection made at Key Largo Dry Rocks
(e.g. 1996). In 2000, no spawning by A. palmata was observed either in Key Largo (or in Puerto Rico)
over the 3 night window in which spawning was predicted. No observationsweremadein1999. One
hypothesisisthat the A. pal mata popul ation at Horseshoe reef may not retain sufficient genetic diversity to
providefor successful fertilizationinthecollected cultures. Spawn-collection activities had been shifted to
Horseshoe after 1998 when the popul ation abundance at Key Largo Dry Rocksdeclined to the point of
making nighttime spawn collectioninfeasible. Futureeffortswill seek to make A. palmata spawn
collection at multiplesitesto increasethelikelihood of genetic diversity intheresulting cultures. The
intentionisto culturethelarvaeto the point of competence and then expose them to reef substrateto
providefor enhanced A. palmata settlement/recruitment asarestoration/recovery measure.

Summary

Itisclear that dramatic declinein both A. palmata and A. cervicornishasoccurred in Floridaover the past
two decadesand, inthe case of A. palmata (for which current trend datais avail abl€) decline continues
through 2001. It appearsthat noticeable recoveries of both specieshave occurred inthe historical pastin
the Dry Tortugasregion wherethe observational timelineisover acentury. Juvenilesof both speciesare
observed at arange of locations, but it isunclear whether they represent atrajectory of populationincrease
astheir fateisunclear. Current observationsof diseaseincidencearelow (~2-3% of colonies) but
somewhat patchy indistribution. Active predation (by snailsand fireworms) isobserved on 10-30% of
coloniesinwell-studied areasand isthe most obvious chronic (and potentialy manageable) threat. Little
quantitative popul ation benefit from restoration effortsto date has been documented.

Table 1: Site-specific condition of Acropora palmatain Florida. Sites are arranged from northeast to southwest and
approximate location can beinterpolated from themap in Fig. 2. po = personal observation; SP=snail prevalence(i.e.
proportion of colonies infested by Coralliophila abbreviata); WBD=White-band disease, presence/absence or propor-
tion of infected colonies; CRMP = Coral Reef Monitoring Project (Jaap et al.); other published sourceslisted in references.
On opposite page.

67



Table 1. Site-specific condition of Acroporapalmatain Florida

Ste Trend Time- Current Bxtent of | Conditionin2001 Reproduction | Source
frame daus decline (Predators WBD) /recruitment?
Bkhorn Dedine | 70s01 | Rare VeyHigh | Snalspresent Recruits Jeap,
~20cm Curry/M.Miller
(cohort?) (P0)
present
Bkhorn Dedire | 1970's Jeep (po)
Cortral 2001
Bdl Buoy Dedire | 1970s | Rare Jagp. Curry (po)
2001
Caydort Sable 1974 Dugtan&Ha as1987
1982
Collgpse | 1982-84 Very high SZmant po
Dedire | 96-01 CRMP
South Dedire | 98-01 027cd m* | 65% SP=0.25;
Caydort inthicket (density) | 0.6 snail colony™
Gredian Dedire | 96-01 CRMP
Little Sable 98-01 Decart SP=0.33; 1.1 gl colony™ M. Milleretd
Gredian Thicket (2)
KL Dry Dedine | 70s01 | <20colonies | Very High | Snalshigh; Some sexud recruits (2001) Jegp o
Rocks but with serious snail infestation M. Miller, po
Hbow Dedire | 70s01 | ~01cd m?® Jeep (o),
Chigpporeet d.
Horseshoe | Sable 93-01 Decent Sight SP=0.14; 0.33al colony® | Spawning M. Miller (2002b)
Thicket obsarvedin
2001, not
2000
Sadidand | ? 00-02 ~0.1co m? WBD, heavy snail impact Szmant (po),
Chigoponeet d.
French Dedire | 98-01 <50 cdonies | 80% (# SP=0.38; 1.1 snail colony™ M. Miller (2002b)
colonies)
Molases Sable 81-86 Jogpetd
Dedire | 9601 CRMP
Dedire | 98-01 Sase 76% (# SP=0.33; 0.98 3l colony’™ M. Miller (2002b)
colonies colonies
Fickles Dedire | 96-01 <20 colonies | 68% (# SP=0.26; 0.83 5l colony™ M. Miller (2002b)
colonies)
Sorbrero Dedire | 96-01 Virtudly CRMP
gone
Looe Dedire | 96-01 CRMP
83-00 Boaed | Sdlspresent Somesdl M. Miller et d.
coverage recruits 2002a
Eagtern Dedire | 96-01 CRMP
Sambo
Western Dedire | 96-01 Decert po
Samho Thicket
Midde Dedine | 70s01 | 11 colonies M. Miller (po)
Samho (2001)
Rock Key Dedire | 96-01 CRMP
SadKey | Dedire | 96-01 ~0.1co m? CRMP; Chigppone
ed.
EaxgeanDR | Dedine | 70's
WestenDR | Dedine | 70's
Dry Seble 93-02 ~600m2 No snails present, high Jeap, M. Miller
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Table 2. Site-gpecificinformation on Acropora cervicornisin south Florida. Sitesare arranged from
southwest to northeast and approximatelocation can beinterpolated fromthemapinFig. 2.
*** Observation relatesto Acropora prolifera

Ste Trend Time- Current Extent of Conditionin 2001 Reproduction | Source
frame datus decline (Predators WBD) [recruitment?
Little Africa, | Decline | 95-01 ~Absent ~100% from - Wesaver (po)
DT 95-97
*** 5t Increase | 93-02 Large No snails, some Jaap, MMiller
Channdl, DT thicket colonies|ook pale (po)
A.pradlifera
Tortugas ? 96? <1%live Aronson, Keys
Bank cover Wide Cruise
Tortugas ? 02 Scattered ? No snails, some Few sexud M. Miller (po)
Bank colonies WBD, some recruits
damsdlfish damage observed
White Scattered Jaap
Shod, DT colonies
Pulaski ? 96? <0.5% Aronson, Keys
Shod, DT cover Wide Cruise
28ft. Shod | ? 96? <0.5% Aronson, Keys
cover Wide Cruise
West Sambo | ? 96? <1% cover Aronson, Keys
Wide Cruise
Looe Key Collgpse | 83-00 98%of ared | Snailspresent Miller et d. (in
cover press)
? 96? <0.5% Aronson,
cover Keys-wide
cruise
No Name ? 96? <0.5% Aronson,
cover Keys-wide
cruise
Pickles ? 96? <0.5% Aronson,
cover Keys-wide
cruise
Molasses Collgpse | 1981-86 96% Jaap et al.
(1987)
French Collapse | 1981-86 100% Joap et al.
unpub.
Carysfort Decline | 1974-82 18% Dustan and
Haas (1987)
Broward Increese | 1996- 13% cover predators present Spawningin | Vargas-Angel
County 2002 2001 ed.
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ABSTRACT

Acroporid coraswereimportant components of shallow forereef and lagoonal habitatsin coral
reefsof thetropica western Atlantic and the Caribbean. An epizootic event of white-band disease (WBD)
intheearly 80's, produced extensive mass mortdity of both speciesthroughout their distributionrangeinthe
wider Caribbean. Asaresult, therewere significant changesin community structure, lossof habitat and
biodiversity. Inthelate 70’s, extensivethicketsof elkhorn coral Acropora palmata were presentin 40 %
of 35 reef localities surveyed around theidland of Puerto Rico. Another 20 % of thesereefshad dense
patches and abundant colonies of staghorn coral A. cervicornis. Thehybrid A. proliferawaspresentin
many localitiesbut it rarely formed densethickets. Surveysof morethan 100 coastal and offshorelocalities
around theidand during thelast 20 yearsindicateasignificant declinein populations of both speciesin most
localitiesand recovery in others. Most of the high profile, densethicketsthat formed the Acropora zones
have disappeared, and only afew reefslocdities, mostly in the southwest coast, have hedlthy, high density
populationsof A. palmata, A. cervicornisand A. prolifera. Theprimary causeof this significant decline
indistribution and density of popul ationswasthe widespread white band disease (WBD) epizootic event of
theearly 80's. Infollowing yearshowever, surviving popul ationsand col onieswherehit by hurricanes,
storms, bleaching, more disease, and anincreasing deterioration of theenvironmental conditionsaround
coadtal coral reefsdueto anthropogenic activities. Other, long-term natural factors, such assnail and
fireworm predation, and damsdlfish territorial behavior, have caused increasing tissue mortaity and the
pre-emptive competition of coralsby filamentousalgae. Inrecent years, patchy necrosisand substrate
monopolization by an aggressive, endolytic sponge, Clionalangae, have becomeimportant factorsinthe
lossof livetissuein A. palmata along the southwest and west coasts, and the offshoreidands.
Deterioration of local environmenta conditions (high sedimentation and turbidity), theoccas ona hurricane,
persistent disease, and predation by snail sand fireworms cause significant mortality in A. cervicornisand
A. prolifera. Today however, signsof recovery can be observedinfew localitiesfor A. palmataand
A. cervicornismostly. Few extensivefields, abundant thickets, high densitiesof small colonies, and most
importantly, many sexua ly produced recruits can be observed in many localities of the southwest coast and
offshoreidands. New protectivelegidation by the Department of Natural Resourcesin combinationwith
the presence of healthy populations, the high growth rates of these species, and new sexual recruitment may
provide achancefor somerecovery inmany localities.

ollmer and Palumbi (2002) present datathat demonstratethat A. proliferaisamorphologically variable, first
generation hybrid of A. palmata and A. cervicornis.
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1. Historical per spective

Acroporid corals (A. palmata and A. cervicornis, and to alesser degree, A. prolifera) wereimportant
componentsof shallow forereef andlagoonal habitatsin cora reefsof thetropical western Atlantic until the
late 70'sand early 80’s. These speciesformed the famous Acropora zones, dense stands of high profile,
gpatialy complex, monospecific thicketsin shalow and intermediate depthsin most Caribbean coral reefs
(Vaugham, 1919; Goreau, 1959; Lewis, JB, 1960, 1965; Scatterday, JW, 1974; Ross, PJ, 1964, 1971,
Glynn, 1973; Colin, 1978). Inthelate 70'sand early 80's, awhite-band disease (WBD) epizootic event
caused extensive mass mortality of these speciesthroughout their rangewith lossesup to 95% (Gladfelter,
1982). Thedemise of Acropora spp. hasresulted in significant changesin community structure, lossof
habitat and biodiversity (Aronson and Precht, 2001). In many localities, acroporidshave disappeared asa
consequence of regional disease outbreaks, compounded locally by hurricanes, bleaching events, anda
overall deterioration of local environmenta conditions.

In Puerto Rico, Acroporid coral populations have declined significantly over thelast two decadesin almost
all reef localitieswherethey wereformerly abundant. Denseand well devel oped thicketsof both

A. palmata and A. cervicorniswere present on many reefs, patch reefsand shelf edgelocalities off the
north-east, east, south, west and north west coast, and a so the offshoreidands of Mona, Viequesand
Culebra(Fig. 1) (Almy and Carrion-Torres, 1963; McKenzieand Benton, 1972; Rogers, 1977; Goenaga
and Cintron, 1979; Boulon, 1980). Goenagaand Cintron (1979) conducted island-wide surveysof 35
localities in 1978-79 (Fig. 1) and found 88% of all locations col onized by A. palmata and 52% by

A. cervicorniscolonies. Many reefs(40%) had high profilethicketswith high colony densities, while 20-
28% of thelocationsonly had isolated colonies(Table 1).

Table1l. Abundance of acroporidsin 35 coastal locations of Puerto Rico in 1978-79.
Adapted from Goenaga and Cintrén (1979).

Condition A.palmata A.cervicornis
High profile thickets/dense patches 40% 20%
High colony density and few patches 20% 6%
Isolated colonies 20% 28%
Absence of Acropora spp. 12% 48%
Live cover 5-100%

Somereefshowever, wereaready showing signsof anthropogeni cimpactssuch ashigh siltationand
turbidity (Goenagaand Cintron, 1979). Today, evidence of these speciesremainsin many locationswhere
standing dead skeletons of A. palmata and rubble pilesof A. cervicorniscan be seen. With the exception
of few reefsin the southwest and i sol ated offshorel ocations, the dense, high profile, monospecific thickets
of both specieshave disappeared from Puerto Rico cora reefs (unpublished data).

Althoughfew long term dataare avail able, the primary cause of the significant declinein population dendities
and distributionisthought to be anidand wide outbreak of white-band diseaseintheearly 1980's. In
addition to disease, surviving colonieswere hit by hurricanesand tropical storms, other typesof disease, a
concentration of predators, bleaching, and anincreasing deterioration of the environment around coastal
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coral reefsdueto anthropogenic activities (Table2). For example, large stands of A. palmata on east
coast reefsnear Fajardo were decimated by WBD inthemid 1980's, and subsequently, hurricane Hugo
(1989), caused dmost total destructionto theremaining A .pal mata thickets (Goenagaand Boulon, 1992).
Hurricane David (1979) had devastating effectsto A. pal mata thickets on forereef habitatsthroughout the
south and west coast, with ahigh proportion of coloniesbeing dislodged from the reef substrate and
deposited onto thereef flat followed by highmortality (Vicente, 1993).
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Figurel. Map of Puerto Rico showing major coral reef ar eassurveyed (lines) by Goenaga and Cintron (1979).

Then WBD hitintheearly 80'sand up to 30% of the col onieswere reported to be affected in many reefs
(Daviset a., 1986). During the 1990’ sanumber of other coral reef areas(i.e., |9 ote PAlominitos, Los
CorchosReef, Cayo Dakity, PlayaL arga, Culebra) showed severe physical destruction of the A. palmata
framework and A. cervicornisthicketsasaresult of severa hurricanes[Louis(1995), Marilyn (1995), and
George's(1998)] (Goenaga, 1990; Hernandez-Delgado, 2000). Inthe ninetiesWBD continuesto affect
Acropora popul ationsthroughout Puerto Rico, but disease prevalenceisgeneraly low (Bruckner etdl.,
1997; Bruckner and Bruckner, 1997, 2001; Williamset al., 1999; Well et a ., 2000; Weil, 2002). For
instance, in one of the outer reefsstudied by Davies (1986), remaining Acroporid populationswere
reported to have WBD on 8.5% of theliving coloniesby 1993 (Williamset a., 1999). Inthe absence of
compounding impactsfrom disease and other factors, likethose observed inthe 1960'sand 1970's,
Acropora populationsin Puerto Rico generally recovered from hurricane damage. Coral fragments
produced by hurricane Edithinthe early 1960’ swere observed to resttach and recover inmany localitiesin
the southwest (Glynn et al., 1964).
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Other natura factors, such asdamselfish (Pomacentridae) territorial behavior, arecausingincreasngtissue
mortdity and the pre-emptive competition of cora sby filamentous algae (Herndndez-Del gado, unpublished
data). In addition, coral bleaching was documented in Acropora spp. in 1987, 1989, 1990, 1995 and
1998 (Williamset al., 1987; Goenagaet al., 1989; Goenagaand Canals, 1990; Winter et a ., 1999; Well,
2000), but associated mortality wasnot reported. Localized anthropogenicimpacts(i.e., historic cora
collection for souvenirs, reef trampling, snorkeling, SCUBA diving, anchoring, somefishing methods) have
al so caused some destruction of coralsaround Fajardo (M ckenzieand Benton, 1972; Torres, 1975;
Hernandez-Delgado, 1992). Ship groundingshave caused significant mechanica destruction of Acropora
assemblagesin Los Corchaos, Culebritaldand, [dote PAlominitos, off Fgjardo (Hernandez-Delgado, 2000),
Guanicaand Monaidand (Bruckner and Bruckner, 2001). Military activitieshave caused somedamage
alsoin Culebraand Viéques (Antoniousand Weiner, 1982; Hernandez-Delgado, pers. obs.).

With few exceptions, most of theseimpactshave never been quantified. For example, quantitative
information on theimpact the Fortuna Reefer ship grounding in Monaidand hasbeen collected for over two
years (Bruckner and Bruckner, 2001), thefates of storm generated fragmentsfollowing Tropica storm
Debbieand Hurricane Hortensein LaParguerawere eval uated (Bruckner, unpublished data), and an
ongoing project iseva uating theimpact of Hurricane George'son A. pal mata populations off LaParguera
and Guanica(Ortiz, unpublished data). Theimpact of predation by the snail Coralliophilla abbreviata
was assessed by Bruckner (2000). Ongoing anthropogeni c degradation of coastal (urban devel opment)
and inland areas (deforestation) continueto affect the quality of the coastal reef environments(i.e. higher
turbidity, high nutrient input, pesticidesand herbicides, solid suspended materid, high sedimentationrates,
etc.), and may contributeto the decline of acroporidsand coral reefsin general (Goenagaand Boulon,
1992; Hernandez-Delgado, 1992, 2000; Morel ock, 2001).

2. Current status

Althoughthereisvery limited quantitative dataregarding the current ecol ogica statusof Acroporidsin
Puerto Rico, awedlth of qudlitative observationsand information on their distribution and relative
abundances have been collected over theyearsfor many cora reefsin the east, southwest and west coasts,
and some of the offshoreislands. These data are good baselineinformation and providesapicture of the
current status of Acroporid populations. Recent surveysof over 100 reefsalong the coast and islands,
indicatethat Acroporid popul ations have continued to declinein someareasfrom persi stent disease, storms,
and sedimentation coupled with the poor coastal environmental conditions (high turbidity, sub-optimal water
quality, etc.) and algal overgrowth (Appendicesland2).

Many environmentally-degraded fringing coral reefsa ong the shorelineof Puerto Rico (i.e., PuntaPicla,
PuntaMiquillo; Rio Grande, Guanica, LaParguera, Mayagliez) show large standsof dead A. palmatain
their upright, growth position, suggesting mortality resulted from factors such as disease outbresks,
bleaching, siltation, algae competition, or acombination of any of these (Table 2), and not from physical
damage associated with stormsor hurricanes. Most frequently, total colony mortality does not occur from
thesefactors, and high growth rates, capacity for tissue regeneration, asexua reproduction, and high
survivorship of sorm-generated fragments, seemto be playing animportant rolein maintaining some
populations. A recent event of patchy necrosisin southwest reefs produced moderatelevelsof partia tissue
mortality in ahigh proportion of coloniesin arelatively short period of time (November 13-18, 2002). On
average, between 35 and 74 % of all coloniesof A. palmatain six reef areaswere affected by this
syndrome (Fig. 2). Averagetissuelossvaried between 14 and 17% of the colony surfacearea (Fig. 3)
(Weil and Ruiz, unpublished data). Thisevent happened after aperiod of extreme calm weather and seas
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Table 2. Historical and current causes of tissue mortality (partial and/or total) of
acroporid corasin Puerto Rico. Question mark indicates that factor needs to be verified.

Natural factors Species Anthropogenic Factors ecies
Disease Siltation Ap, Ac
White band-1 and 11 Ap, Ac Pollution Ap, Ac
White plague ? Ap, Ac Ship and boat groundings Ap, Ac
Black band Ac Eutrophication Ap, Ac
Bleaching Ap, Ac Floating debris Ap, Ac
Patchy necrosis Ap Divers Ap, Ac
Predation Anchors Ap, Ac
Snails Ap, Ac
Fireworm Ac
Parrotfish Ap
Damselfish Ap, Ac
Storms Ap, Ac
Clionid sponges Ap
Algae competition Ap, Ac

that lasted for approximately 15 days. Tissue mortality could al so be associated with high residencetime of
fish and seaturtlefecesonthe surface of A. palmata colonies. Almost all coloniesaffected by patchy
necrosis showed rapid regeneration of thelost tissue aweek after themortality. Follow-up surveysupto
August of 2002 of thetagged coloniesthat suffered mortality in November of 2001 show total (100% new
tissue cover) recovery of tissuein 98 - 100% of theinjuriesinall tagged colonies. Injuriesthat have not
completely recovered show active growth marginsbut, alayer of turf a gae and sediment seemto dow
down the advance of the new growth (Weil & Ruiz, unpublished data).

2.a. Eastern coast

Over 90l ocditieshave been surveyed inthelast decade by various authorsa ong the northeastern and
eastern region of Puerto Rico. Hernnadez-Delgado surveyed 86 sitesand compared theinformationwith
previousreportsfrom the samesites(Table 3) (Appendix 1). Datawere geographically sub-dividedinto
four main areas: northerninshore, easterninshore, eastern offshore close (<6 km), and eastern offshore
remote (>6 km). Thisclassificationwasoriginaly based on aBray-Curtisordination anaysisfor coral

speci es presence/absence data setsto classify cora reefs (Hernandez-Delgado, 2000). A. palmatawasan
important component of coral reefsand coral communitiesin most of the sites (93%o) of four mgjor localities
surveyed prior to 1980 (Almy and Carrion-Torres, 1963; Pressick ,1970; Mckenzieand Benton, 1972;
Goenagaand Cintron, 1979; Goenagaand Vicente, 1990; Goenagaand Boulon, 1992; Hernandez-
Delgado, 1992; and unpublished data). Today, however, A. palmata has been observed only in 36.7 % of
these dites, as onemoves across an anthropogenic stressgradient of water transparency, sedimentation and
concentration of suspended solid material (Hernandez-Delgado, 2000). Thenortherninshorelocalities
showed the highest decline (68.4 %) and the offshore remote reefs (>6 km) thelowest A. palmata hasbut
disappeared from 62 % of the sitesin northern and eastern Puerto Rico whereit used to befound in high
densitiesmany yearsago. Surveysconducted in 1998in the southwest coast of Culebraand northwest
coast of Viequesidands showed scattered coloniesof A. palmatain good healthintheselocdities (Well et
al., 1998). A. palmatawasmore abundant in Viegquesand showed higher colony densitiesthanin Culebra

75



Patchy necrosis in Acropora palmata
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Figure 2. Average number of coloniesof A. palmata affected by patchy necrosis insix cora reefsoff La
Pargueraand Guénica. (Weil & Ruiz, unpublished data).
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Figure 3. Averagetissuelossin A. palmata by patchy necrosisinthree cora reef areaswith dense

populationsof the cora inLaParguera(Weil & Ruiz, unpublished data).
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A .cervicornis, was documented from the northern and eastern reefsin past reports. It waspresentin
52.9% of thesitessurveyedinthe 1970's, but today, it isonly found in 24% of these sites. It has
disappeared from 43% of the eastern close offshorereefs, and from all the northern and easterninshore
sites. Itispresent in 100 % of the eastern offshoreremotereefs, but it hasdeclinein abundance. Thehybrid
A. prolifera, wasrarein all of thefour geographiclocalities. It disappeared from 100% of the northern
reefsand from 60% of the eastern offshore closereefs. It disappeared also from 27% of the eastern
offshoreremotereefs. No colonieswereever documented in easterninshorereefs. Recent surveysof two
reefsin Culebraand northwest coats of Viegquesidands, showed presence of isolated col oniesand thickets
of A.cervicornis(Weil et al., 1998) (Appendix 2). Therewere many small-sized thickets (10x 5mor
less) of A. cervicornisinthe southwestern side of Culebritaldand, but most of thesewhere destroyed by
recent hurricanes and disease outbreaks. Several isolated patchesof A. cervicornisgrowingonLos
Corchos Reef south of Culebritaldand are doing well (Herndndez-Delgado, unpublished data). A WBD
outbreak in August, 2001 caused partial to total colony mortality in 51% of the surveyed A. cervicornis
colonies(n=118) within the L uis Pefia Channel Marine Fishery Reserve, at Culebra(Herndndez-Delgado,
unpublished data). No current informationisavailablefor other localitiesin thethe east coast of Puerto
Rico or offshoreidands. Low abundance of large mature coloniesand low abundance or lack of juveniles,
sexud recruitsor reattached fragmentsisacl ear indication that recovery isnot occurring. Moreover, many
recently dead colonies, and coloniesshowing partial tissue mortality are common sightsin many of these
localities. Despitetheability of Acroporid coralsto regeneratetissuelesions(Matos-Caraballo, 1988) and
grow fast, the combination of natural and anthropogenic factors may be preventing recovery in eastern reefs.

Figure4. Map of the eastern section of Puerto Rico showing thelocation of 88 reef localitiessurveyedinthe
last 10 years. Many of theselocalitieswere surveyed in 1978-79 by Goenaga& Cintron. List of localities
can befoundin Appendix 1. From Hernandez-Delgado (2000).
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2.b. Southwest and wester n coasts
Acropora palmata

With few exceptions, A. palmata occursat low densitiesfrom 0.5-5 m depth throughout the south and
southwest coast of Puerto Rico. Coloniescontinueto experiencepartia mortality inmany localities,
however. Thisspeciesisnow rarebelow 5m, but it can still befound in few, deep patch reefsand some
locationsonthe shelf edge. High densitiesof mediumto large coloniesarecommonin at least two exposed
reefsin LaParguera(Laurel and San Cristobal), and dense, high profilethickets pave the exposed fore reef
of Atravesado (Appendix 2) (Bruckner et al., 1997; Weil, pers. obs.). No A palmata thicketswere
observed in extensive surveysfrom LaParguerato Ponce between 1995-1997, but medium sizeand few
large coloniesarecommonin somelocations. Colonieswerewidely scattered (<1 colony every 5m), or
coralsoccurred in aggregates of lessthan 4 colonies (Bruckner and Morel ock, unpublished data).
Prevalenceof corallivoresand disease washigh (Bruckner, unpublished data). High mortdity was
associated with Hurricane Georges (1998), and over 90% of coral wasremoved from Laurel, Pinnacles,
MediaL unaand Turrumote reefsoff LaParguera(Bruckner, unpublished data, Ortiz, unpublished data).

In 1999, disease affected an average 1.3% of al coloniesof A .palmatain Turrumote, MedialL unaand
Laurel reefsoff LaParguera(Weil, 2002), an apparent declinefrom previousyears. Averagelive cover of
this specieson most reefsnear LaParguera isnow low or lessthan 1% (Williams, et al., 1999; Well,
unpublished data; Bruckner, unpublished data).

A recent problemisthemortality of A. palmata coloniesby theintrusive colonization and fast advance of a
brown, endolytic, clionid sponge(Clionalangae) (Fig5). Thissponge monopolizes much of the exposed
reef substrate that wasformerly occupied by live A .palmata, and it rapidly overgrows standing colonies
and fragments. In 1999, an average 16 % of all coloniesof A. palmatafromthreereefsin LaParguera,
were attacked by the sponge. Averagecord tissuemortality ratewas 9 cm/year, whichisfaster thanthe
cora’sgrowthrate (Weil, 1999a,b and unpublished data). Thespongeisresilientandinamost al cases, it
killsthe colony withinashort period of time.

Small elkhorn coral thicketsstill occur onthewest coast of Puerto Rico near Rincon (Steps Reef) and the
northwest coast near |sabela (Shacks Reef) in 1-2 m depth. These populationswerelargely unaffected by
disease or predation between 1994-1997 (Bruckner, pers. obs.). Unpublished datafrom August 1999
indicatethat elkhorn thicketson fringing reef near Rincon (Tres PAmasand Steps) weretill inexcellent
condition (EarthWatch report, 1999).

A. palmata hasbeen virtually eliminated from other reefsnear shorereefs of thewest coast, especialy near
Mayaguez, possibly from anthropogenic disturbances (Morel ock & Bruckner, unpublished data). Oneof
thelargest remaining healthy standsof el khorn coral islocatedin 3-5mdeepin Bgjo Gallardoreef, 13km
off thewest coast. Coral disease outbreakswere observed during 1996 and 1997, however live coral
cover remained high (30-90%), with coralsingood shapewith low incidence of recent mortality. Like
many other shalow populations, thisonewashit hard by Hurricane Georges, but remaining coloniesand
fragmentsrecovered and/or reattached to the reef and were actively growing in 1999 (Earthwatch report,
1999).

Shallow areasof LaParguerawereaso hit hard by Georges, and in someareasnearly al A. palmata
colonieswereremoved (Bruckner, pers. obs.). However, several reefsincluding Laurel and San Cristobal
had ahigh number of remaining fragmentswhich exhibited substantial growth by February of 1999 (Fig. 6)
(Well, pers. obs., Ortiz, unpublished data). Most col (7)giesdamaged by the Hurricaneare now recovering



(Bruckner unpublished data, Earthwatch report, 1999; Ortiz, unpublished data). However, the survival of
thefragmentsishbeing hampered by partia tissue mortality onthe average of 46 % of thetotal livetissuein
oneyear (Ortiz, unpublished data). Elkhorn coral thicketson fringing reefsnear Rincon (TresPamasand
Steps) weretill in excellent conditionin 1999, oneyear after Georges (Earthwatch report, 1999;
Appendix 2). Populationsof A. palmata on the southeast and west coast Monaidand have been
monitored inrecent years. Two surveysin 1998 and two in 1999 indicate that in general, populationsarein
poor shape, with significant recent mortality, moderate-to-highincidence of disease, predation, algaeand
cyanobacteriaovergrowth, and tissueloss caused by Clionamoving in (Bruckner, Earthwatch data, 1999;
Bruckner and Bruckner, 2001; Weil, 1999a,b, unpublished data). Small thicketsof A. palmatainfairly
good shape exist to the north and south of the Fortuna Reefer restoration sitein Monaidand, although
Cliona, patchy necrosis, white-band disease and neopl asiaare affecting many of these colonies.

A recent study of theimpact of snail predation on populations of acroporidsindicatethat they are playing an
important rolein the decline of acroporidsin somereefs (Bruckner, 2000). Surveysof 12 reefsaroundLa
Pargueraand the west coast found that snailswere on 18 % of all coloniesof A. palmata and that the
average snail density onthose colonieswas 3.7 snailsper colony. A larger proportion of colonies supported
more snailsininshorereef habitats compared to exposed habitats. In someareas, up to 32 snailshave been
observed onasinglecolony. Also, larger snailshave been recorded (which addsto moreinjury per snail)
on A. palmata (Fig. 7) wherethey caused conspicuousfeeding lesionsand in several occasions, consumed
entire colonies (Bruckner, 2000).

Acropora cervicornisand A. prolifera

Populationsof A. cervicornisoff the southwest coast of Puerto Rico are continuing to beimpacted by
WBD, predation, and other factors such asthe occasiona storm, which can be devastating. 1n 1996,
white-band disease affected 0.5-10% of the coloniesin four locationsin LaParguera(Bruckner and
Bruckner, 1997; Bruckner, unpublished data); disease preva ence varied seasonally, with apeak infectionin
August and September. 1n 1999, average diseaseincidencefor A. cervicorniswas1.15 % inthreereefs
off LaParguera(Weil, 2002), an apparent declinefrom previousyears.

Although there hasbeen asubstantial decline of A. cervicornispopulationsnear laParguera, abundant
isolated coloniesor small thicketscan befound in severa fringing and patch reefsinthearea. High growth
rates and somerecruitment appear to exceed mortality in somelocalities, and denseand extensivefields
have been ableto reestablish (San Cristobal, Turrumote, Atravesado). Thelargest thickets of

A. cervicornis(50x 100 m) and A. prolifera (approximately 10x 10 m) intheareaarelocated on a
shdlow (1-3m) sandy platform fringing the back lagoonal areaonthe northwest side of San Cristobal.

| solated colonies occur inwestern Puerto Rico, but no extensivethicketsareknownto remain. Small and
healthy colonieswere recently observed in severd locditieson thewestern platform (EI Ron, Cabo Rojo, El
Negro, Turmaline, Buyé). No currentinformationisavailablefor other locdities.

Mujeresreef isadeep fringing reef inthe southwest coast of Monaidand. An extensiveand healthy field of
A. cervicornis (approximately 3,500 m? located between 12 and 15 m deep) wasfirst observed in 1996
(R. Bruckner and E. Well, pers. abs.). This population had no disease, few damselfishagal lawns, and few
coralivores. It remainedingood heath during three subsequent surveys (Weil, unpublished data) until
Hurricane Georgeshit theidand. Surveysduring 1999-2001 revealed few remaining live colonies
(Earthwatch report, 2001). |solated coloniesand small thickets can still befound a ong the southwest coast
of Monaand around Mujeresreef. Somerecovery hasbeen noted (Bruckner, pers. obs.). Several small
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coloniesand few large coloniesand small isol ated thickets have been observed in surveys (1999-2002)
conducted in the southwest coast of Desecheo island (3-22 m deep). Few of these were affected by WBD
and no corallivoreswereobserved. Significant accumulationsof bioeroded and fouled A .cervicornis
rubblein the areaindicatesthat the specieswas abundant in the past (Weil, unpublished data).

The Department of Natural Resources has conducted monitoring surveysin severa reefsaround Puerto
Ricointhelast threeyears. In 16 reefssurveyed in 2001, most of the transects sampled did not contain
coloniesof A. cervicornisor A. palmata. A total of 3 colonieswereobservedin 80transects. The
coloniesranged insizefrom 10 to 85 centimetersmeasured asthe distanceintercepted by thechain
transect. The mean percent cover of A. cervicornisfor the Canoas, Botes, and MediaL unareef siteswas
1.7%, 0.5%, and 0.2% respectively. Theoveral mean percent cover for the 80 transectsof thestudy is
0.15%. Additionally one of the coloniesin Desecheo (21 kilometerswest of Puerto Rico and frequently
flushed by oceanic waters) was observed with white-band disease.

Table 3. Percent decline in the number of northeastern and eastern reef sites with Acropora
spp. populationsin the last 20 years.

Geographic province Reefs Reefswith Reefswith Per cent
Surveyed Acroporids Acroporids Change
old survey today

Acropora palmata

Northern inshore 19 19 6 68.4
Eastern inshore 18 15 7 53.3
Eastern offshore close 24 22 15 31.8
Eastern offshore remote 27 23 22 4.3
Total number of localities 85 79 (93 %) 50 36.7
Acropora cervicornis
Northern inshore 19 2 0 100
Eastern inshore 18 3 0 100
Eastern offshore close 24 14 8 42.9
Eastern offshore remote 27 26 26 0
Total number of localities 85 45 (52.9 %) 34 244
Acropora prolifera
Northern inshore 19 1 0 100
Eastern inshore 18 0 0 N.P.*
Eastern offshore close 24 5 2 60.1
Eastern offshore remote 27 11 8 27.3
Total number of localities 85 17 (20 %) 10 41.1

*N.P.= Not present in any survey.
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Figure5. Colony of Acropora palmata being killed by the endolytic sponge Clionalangaein Laurel reef,
LaParguera, PR. (photo E.Weil)
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Figure6. Sizefrequency distribution of A. palmata fragmentsoneyear after Hurricane Georgeshit Puerto
Ricoin 1998 (Ortiz, unpublished data). 8



3. Management approachesin Puerto Rico DNER pertinent to conservation
3a. Existingand proposed regulations
Law for theProtection, Conser vation, and M anagement of Cor al Reefsin Puerto Rico (Law 147)

In Puerto Rico there exist several laws and proposed regulationsthat may aid in the conservation of corals.
Themost pertinent statuteisthe Law for the Protection, Conservation, and Management of Cora Reefsin
Puerto Rico, isLaw 147. Thislaw explicitly mandatesthe conservation and management of cora reefsin
order to protect their functionsand values. The Department of Natural and Environmental Resources
(DNER), theagency in charge of implementing thelaw, will do sothrough aregulationthat iscurrently being
prepared. Law 147 providesfor the creation of zoned areasin order to mitigate impactsfrom human
activities. Thesezonesinclude (1) Reef Recuperation Areasand (2) Ecologicaly Sensitive Aress. Although
the specificsarebeing worked out, these zoneswill facilitatethe DNER in controlling human activity that can
directly impact Acropora spp. such asanchoring. Law 147 also directsthe DNER to identify and mitigate
threatsto coral reefsfrom degraded water quality dueto pollution, ameasurethat can also beused to
protect reefswith Acropora spp. Inthisregard, thelaw requires Environmental Impact Statements (E1S)
for projectsor activitiesthat can negatively affect coral reefs. Aninteragency committeewill be convened
to coordinate government activitiesthat may affect coral reefs.

Marine Reserves Law

Law 137 from 2000 directsthe DNER to designate priority areasas marinereserves. Marinereservesare
defined asareaswheredl extractive activitiesare prohibited in order to hel p recover depleted fishery
resourcesand protect biodiversity. Thelaw statesthat that 3 percent of theinsular platform must be
designated within 3 years (2003). Thismechanism could be hel pful inthe conservation of Acropora spp. if
itisdetermined that overfishing of coral reefsthat isaffecting survivorship of thesecoras. It hasbeen
hypothesi zed that overfishing of reef fish, octopus, and lobster may lead to an increased abundance of
Acroporaspp. predators. Currently there aretwo marinereservesin Puerto Rico, ReservaNatural Canal
LuisPefiain Culebra, and Desecheo Idand.

3b. Existing conser vation strategies
Natural Reserves

Therearecurrently 13 natural reservesin Puerto Rico that have cora reefswithintheir boundaries. The
natural reservesarealogical setting to adopt the zoning measures menti oned above because of theavailable
infrastructure and experience. Zoning strategiesthat regulate direct humanimpacts, such asno anchor
zones, may bemore easily applied dueto theexisting jurisdiction, although thisremainsto be seen. It should
be noted that natural reserves probably have minimal successin preventingimpactsto coral reefsand
Acropora spp. from degraded water quality becausetheseimpacts are not excluded by reserve boundaries.
Moreinformationisneeded on thelocation and status of Acropora spp. populationswithinthe natural
reservesinorder to apply the conservation strategies, particularly those pertaining to direct impacts.
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Mooring buoys

Another existing strategy that may ass st in the conservation of these speciesisthe use of mooring buoys.
The DNER hasbeen utilizing thisstrategy since 1990 principally in Fgjardo, Culebra, Guénica, and La
Parguera. Itisapparent that Acroporaspp. arevery vulnerableto anchor damage because of their
branching growth form and their presencein shallow reef zoneswhere anchoring iscommon. Thisstrategy
can be applied in caseswhere heavy anchoring isoccurring on reefswith high abundance of these species.
Asmentioned aboveit isnecessary to obtain moreinformation onthelocation of reefswith existing
Acropora spp. popul ationsthat may beimportant to their conservation.

Restoration projects

Currently thereisarestoration project being conducted with Acropora spp. in southwest Puerto Rico. The
restoration includesreefs on the southwest and west coast initsfirst stage. Thisprojectinvolvesacora
nursery that usesfragmentsto propagate coloniesfor restoring populations. Specially designed structuresto
growth thefragmentsand transport them without ma or mani pul ations have been designed along tofacilitate
transport and placement once the fragmentsreach acertain size. Oneimportant aspect of this project isthat
itincludes cons derationsand methodsto preserve sufficient levelsof natural genetic variationinthecultured
fragmentsto increase genetic variability in therestored popul ations so it can respond to both short- and
long-term changesinthe environment. Fragmentscollected from different popul ations (well separated) in
different areas of the southwest are cultured inthefarm for future propagation to impacted areasin Puerto
Ricoor even, in other placeswithin the Caribbean. Assoon asthe transplanted fragments reach sexud
reproductivesizesintheir fina restoration site, the chances of increasing genetic combinationsduring the
reproductive season of the populationintheareaa soincreases.

Thisprojectisnow onitssecond phase. Preliminary resultsindicatethat theoveral surviva of cora
fragments, 10 monthsafter transplanted, was 86.6% (n= 367), however, differencesinthesurviva of
different cloneswasobserved. Thiscould imply that some clonesmay be better adapted to surviveand
grow inawild rangeof environmental conditionswhile other may berestricted to specific environmental
conditions(light regime, sedimentation rates, water movement, etc.). Surviva of fragmentshad also been
affected by their mani pul ation and transportation, and by algae (Ceramiumnitens) overgrowth. New
methodswere developed after thefirst movement of fragmentsand mortality during transportation hasbeen
reduced significantly. Inthe second phase, over 2,000 cora fragments have been transported with an
overdl survival rate of 99.6% one month after the fragmentsweretransplanted into thereef area.
Maintenance of the culturing devicesevery two weeksisneeded to prevent algae overgrowth.

Theoverdl linear growth (accumulatelength of al branches), 10 months after transplantation, was52.2 +
4.6 cm (n=318initial fragments). High growth ratesaccount for thefast linear extension of most fragments
inthe culturing deviceswith an overall net linear growth of 38.4 + 4.5 cm. Other useful parameter in cora
farming isthe branchiness (number of branches produced over time). These measurements provide
information to decidethe number of fragmentsthat will be harvested after oneor two years. Theoverall
number of branches produced, was 7.3 £ 1.8 branches per year. To calculate the expected number of
corasto be harvested and propagated to restoration places, the number of initial fragmentsto be
transplanted ismultiplied by 7. However, after 10 monthsof coral growth, the branch lengths of those
coralsweretoo small to be harvest. From thispreviouswork, we expect that 1.5to 2 years of cora
growth are needed to harvest the cultured coral fragments (branches).
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4. Needsfor Improving Conservation
Water quality

In order toimprovethe current conservation effortsthere are some gapsin knowledge that need to be
addressed. Oneimportant question isunderstanding how water quality impactsare affecting the persistence
of Acroporaspp. inPuerto Rico. Previousresearch has highlighted the degraded condition of many
near-shore reefsin Puerto Rico (Goenagaand Cintron 1979; Goenagaand Boulon 1992; Hernandez-
Delgado, 2000; Velazco et a., 1985). Itisevident that there are multiplefactors causing thisdegradation
but there seemsto beageneral consensusthat water quality impactsareamajor forceinvolvedinthis
decline. Twomagjor threatsto water quality on coral reefsin Puerto Rico are high loads of suspended
sedimentsand nutrient contamination, although direct evidenceisonly avail ableimplicating sediment
impacts. Sinceitisprobablethat impactsfrom degraded water quality play aroleinthe health of these
species, alogical stepin conservation may beto determinethresholdsintheimportant parametersin order
to establish adequate standards.

I nfor mation on location and status

Moreinformationisneeded onthelocation and condition of these species, particularly information on areas
that may beimportant to conservation because of high abundance. Management efforts should compiledl|
of theavailableinformation for Puerto Rico to determinewherethereareinformation gaps. Habitat maps
arecurrently availablefromthe NOAA/NOS biogeography program?. These could be useful for mapping
and quantifying theexisting Acropora spp. A methodology should be developed to aid in thisquantification
and it should providefor comparing abundances among reefs such that spatial priorities can be established.

Case study- Proposed Natural Reservein Rincon

A situation that can be used to examine conservation strategiesfor A. palmatain Puerto Ricoinvolvesa
fringing reef in Rincon with ahigh abundance of healthy colonies. Severa yearsof monitoring hasshowed
that the coloniesat thissite are some of the hedlthiest in the northwest (A. Bruckner, letter to DNER;
Appendix I11, thisreport). Theadjacent coastal zoneexhibitslow levelsof development although the reef
experiencesincreasesinturbidity from storm runoff (A. Bruckner, unpublished data. L etter to DNER).
Therearecurrently severa largeresort devel opment projects proposed for the adjacent terrestrial aress.
Possiblethreatsfrom thistype of devel opment to the A. palmataincludewater quality degradation from
increased run-off, and direct impactsfrom increased recreational activities. Severa local NGO'shave
proposed the creation of anatural reserve encompassing the reef, adjacent marine habitatsand available
land areas, asmechanismto mitigateimpacts. Thestrategy aimsto usethe natural reserve designationto
prevent or minimizethe devel opment, dthough thereisno evidencethat thishas been successful e sewhere.
Any effort should striveto prevent the creation of aPaper Park by providing effective solutions. Thebest
case scenariofor thisreef would bethe avoidance of impacts by not doing the development projects. If
thisisnot successful then theimpacts should be minimized and mitigation shouldinclude monitoring
programstoinsurethe A. palmataisnot affected. Impactsfrom recreational activities could be managed
with the use of zoned areas as provided by the Coral Reef Conservation Law. Thequestion arisesasto the
roleof ESA designationfor thiscasein Rincon.

INOAA/NOSNCCOS/Biogeography Program. 1305 East West Highway, Silver Spring, MD. 20910. 301-713-3028 x 144
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Appendix la. Distribution of Acropora spp. in northern inshore Puerto Rican coral reefs (based
on presence/absence data).

Location Historic (1970s) Present (1999-2002)
A.pal Acer Apro A.pal Acer Apro

Playade VegaBaga

Cerro Gordo, VegaAlta

Isla de Cabras, Catario

Punta San Jorge, San Juan
Punta Las Marias, Carolina
PuntaVacia Talega, Loiza
Puntalglesias, Loiza

Punta Uvero, Rio Grande
Punta San Agustin, Rio Grande
Punta Miquillo, Rio Grande
Ensenada Comezon, Rio Grande
Punta Picla, Rio Grande

Punta Percha, Rio Grande
Patch reef off Rio Grande
Punta La Bandera, Luquillo
Playade Luquillo

LaSelva, Luquillo

Playa El Convento, Fgjardo
Ensenada Y egua, Fajardo
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Appendix 1b. Distribution of Acropora spp. in eastern inshore Puerto Rican coral reefs (based on

presence/absence data).
Location Historic (1970s) Present (1999-2002)
A.pal Acer Apro A.pal Acer Apro
Playa Canago, Fgardo * *
Playa Las Croabas, Fgjardo *
Playa Sardinera, Fgjardo *

Punta Gorda, Fajardo
Punta Barrancas, Fgjardo
Punta Mata Redonda, Fajardo *
Bahia Demajagua, Fajardo

Punta Figueras, Ceiba

Cayo Algodones, Naguabo

Patch reef off Bahia Algodones, Naguabo
Punta Lima, Naguabo

Playa Fanduca, Naguabo

Playa Las Ochenta, Humacao

Punta Candelero, Humacao

Punta Fraile, Humacao

Punta |cacos, Humacao

Punta Guayanés, Y abucoa

Punta Y egua, Y abucoa

* % % *

* % % %

* % ok X ok

n=18 15 3 0 7 0 0
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Appendix 1c. Distribution of Acropora spp. in eastern offshore close (<6 km) Puerto Rican coral
reefs (based on presence/absence data).

Location Historic (1970s) Present (1999-2002)
A.pal Acer Apro A.pal Acer Apro

Cayo Obispo, Fgardo

Cayo Zancudo, Fgjardo
Arrecife Mata Caballos, Fgjardo
Arrecife Roncador, Fgjardo
Arrecife Corona Carrillo, Fajardo
Cayo Ahogado, Fajardo

Islade Ramos, Fajardo

Isla Pifiero/Cabeza de Perro, Ceiba
Arrecife Lima, Naguabo

Cayo Santiago, Humacao

Cayo Batata, Humacao

Bajo Blake, Humacao

Bajo Drift, Humacao

Cayo Sargento, Y abucoa

Cayo Largo, Fgardo

Las Cucarachas, Fgjardo

Los Faralones, Fgjardo

Cayo Icacos, Fajardo

Cayo Ratones, Fgjardo

Cayo Lobo, Fajardo

Islote Palominitos, Fgjardo

Isla Palominos, Fagjardo

Cayo LaBlanquilla, Fgjardo
Cayo Diablo, Fgjardo

L T N S A N .
*
* % %

* % ok ok k ok ¥ ok X F F
* % ok k% ok X

*
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Appendix 2. Relative abundances of acroporid corals and sexual recruitsin several reef localities
along the south and west of the main island and few offshore islands. (*** = abundant, ** =few

patches and isolated colonies, * = isolated colonies).

Locality Reef Depth Latitude Longitude A. palmata A. cervicornis Sexual
m recruits

Guanica Aurora 05-15 17° 56.652 > * *
Coral 05-15 *

Parguera Corral 05-15 > * *
Pinnacles W 1.5-20 17355973  67300.726 * * *
Pinnacles E 2-20 17355.973  67300.720 * * *
Turrumote 0.5-20 17356.061  67301.066 - b *
Mata la Gata 05-12 17357.664  67302.253 > *
Caracoles 0.5-12 17357.65 67302.175
Enrique 0.5-18 17357.223  67303.119 * * *
Media Luna 0.5-20 17356.092  67302.952 * * *
Laurel 0.5-18 17356.581  67303.296 - > *
Mario 0.5-18 17357.157 673 03.380 * * *
Conserva 05-14 17357.442  67303.397 * *
Long Reef 4-20 17355.439 673 00.962 * * *
San Cristobal 0.5-18 17356.581  67304.673 - > *
Atravesado 0.5-15 17356.521  67305.094 i b *
El Palo 05-12 17356.006 673 05.702 > * *
Margarita 05-12 17336.006 673 05.702 * * *
Acuario 15- 20 * * *
Black Wall 17-30 17358.569  67304.175 *
Buoy site 17 -30 17353.304  66359.074 * *
Shelf edge 17-30 17352.104  66361.104 *

Cabo Rojo El Ron 0.5-18 * *
Buye 0.5-10 18°08.068  67° 11.210 *

Joyuda El Negro 0.5-20 18309.162  67314.758 > * *

Mayaguez Gallardo 1.5-18 s

Rincon Tres Palmas 1-3 >
Steps 1-3 18321 67315 -

Aguadilla El Natural 5-20 *

Desecheo Is. South Gardens 1-22 18%22.69 673 29.044 * > *
West 1.5-18 188 22.740 67329.120 *

Isabela Shacks Reef 1-14 *

Mona Island Fortuna Reefer 1-12 18° 02 67° 51 * *
Pajaro 4-15 18°03.930  67°51.938 * * *
Mujeres 10-20 18°04.503  67°56.278 * *
Sardinera 0.5-10 18°05.410  67°56.420 *
Carmelita 0.5-3 18°05.650  67° 56.502 >

Culebra Culebra s-w 0.5-18 18°29.330  65°29.910 * * *

Vieques Viequez n-w 0.5-18 18°16.300  65° 42.200 * * *
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Appendix 3: Letter to DNER on Acropora palmata populationsat Steps Reef, Rincon

Vicente Quevedo

Natural Heritage Division
DNER

PO. Box 9066600

Pta. DeTierraStation
San Juan, PR. 00906-6600

Dear Mr. Quevedo,

| wasrecently informed that Puerto Rico’s Department of Natural and Environmental Resources (DNER) isconsidering the
establishment of amarine natural reserve for Steps Beach and surrounding reefs off the west coast to offer protection for
the benefit of the elkhorn reef systemin Rincon. | would recommend implementing additional conservation measuresfor
the coastal habitats near Steps and Tres Palmas, particularly because these areas support endangered and threatened
wildlife, and also contains one of the few remaining healthy stands of elkhorn coral (Acropora palmata) left in the
Caribbean. A large-scale development project in the cattle fieldimmediately fronting Steps Reef islikely to cause
substantial run-off during construction, and elevated nutrients and pollutants once the establishment is operational (as a
result of increased sewage production and pesticides and fertilizers used on the surrounding grounds). Coral reefsare
negatively affected by sediments, excessive nutrients and pollutants, and elkhorn corals are particularly sensitive to these
types of stressors. A development project in this area may accelerate the decline in the health and productivity of the
nearshore reefs, and possibly threaten the survival of elkhorn coral populations due to their limited tolerance to sedimen-
tation and nutrient loading.

In support of further protection for Steps and Tres Palmas as amarine natural reserve, | am providing thisinformation on
the diversity, health and importance of two coral reefslocated off the west coast of Puerto Rico near Rincon, Steps Reef
and Tres Palmas. | conducted monthly surveys on Steps and Tres Palmas between 1994-1997, and annual surveysin
1998-2000. | am coral reef ecologist with the National Marine Fisheries Service. | received my Ph.D. fromthe University of
Puerto Rico, Department of Marine Sciencesin LaParguera, wherel lived from 1994-1998. During thefiveyears| livedin
Puerto Rico, | spent 4-5 days per week diving on reefs off the northwest, west and south coast of Puerto Rico, and have
continued to revisit these sites two times each year. For my research and dissertation | examined the effect of coral
diseases and predators on important reef building corals. | collected information on different measures of coral reef health
from the west and south coast near Aguadilla, Rincon, Desecheo, Mayaguez, Boqueron, La Parguera, Guayanilla,
Guanica, and Ponce. | aso established permanent study sites on the northwest coast (Aguadilla), southwest coast (off
Parguera), the west coast at Steps and Tres Palmas (Rincon), and Mona Island, to conduct a detailed study of cora
disease processes, long-term impacts, and synergistic effects of human activities. | have continued my research in Puerto
Rico over the last three years under a study sponsored by Earthwatch 1Saving Puerto Ricolls Reefs’. My studies focus
on the effects of disease, predation and storm damage on the dominant and most important corals, including elkhorn
coral, star coral and brain coral. | take ahalistic approach to my research to obtain a snapshot of the health of the reef
ecosystem using amoadification of the Atlantic and Gulf Rapid Reef Assessment (AGRRA) protocol (I examine coralsas
well as other indicators of reef health like fish abundance and size, type and biomass of algae, and present of key indicator
organismsincluding commercially important species and keystone species). | also examinethelong-term effect of these
processes on coral survival, growth and new recruitment.

In the following document, | have provided a summary of the importance and role of elkhorn corals, their status through-
out the region including Puerto Rico, threats that are impacting elkhorn coral populations, and measures that are needed
to protect these corals. | am providing specific information on the elkhorn coral reef at Steps and Tres Palmas, based on
my study between 1994-2000. | was unableto reexaminethese sitesin 2001 dueto weather. Itisimportant that these
sites continue to be monitored to detect changein reef health. A detailed synoptic examination of the sitein 2002 is
recommended to quantify the extent, abundance and condition of the elkhorn population. | would be interested in
conducting these studies but would need minimal support to conduct the work. If you have any questions about the
following document, please contact me at andy.bruckner@noaa.gov.
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Rincon’sunusual elkhorn coral Acropora palmatathickets

Steps and Tres Palmas reefs are some of the best developed fringing coral reefs found off the west coast of Puerto Rico.
The coastline at Rincon isfringed by a narrow sandy beach, with beach rock at the waters edge. Tres Palmas and Steps
Reefs are two hardground areas, separated by a channel 50-150 m wide. The reefs start immediately seaward of the beach
rock and slopefrom 0.5m to 8-10 m depth. The reef extends out for lessthan 200 m before terminating in ashallow sand
flat (8-10 m depth). In shallow water (0.5-3 m depth) the reef is dominated by Acropora palmata with isolated brain, star
and mustard hill corals. Elkhorn coloniesform adense stand that begins about 5 m offshore and extends seaward 20-30 m.
The densest areas of elkhorn growth are near Steps and Tres Palmas, and colonies also occur at alower density from just
north of the marinato the dome. The deeper portion of the reefs (from 2-8 m) is dominated by Diploria strigosa, but many
other massive and branching corals, sea fans, soft corals, and other invertebrates also occur here!

A second reef begins from 250-400 m offshore. Thisreef iscompletely submerged, and slopes gradually seaward to about
70feet. Itisshalowest at the landward edge (0.5-2m ) where thereef is colonized by isolated A. palmata colonies, and
massive and plating corals dispersed over the remainder of the hardground areas. Thereisrelatively high cover (25-40%)
in moderate depths (15-20 m) and several large massive boulder coralsand plating corals.

Background information on Acroporapalmata

Lifehistory: Acropora palmataisafast-growing (5-10 cm/year linear branch extension) branching coral that forms dense
thickets (stands) from 0.5-6 m depth in exposed fore reef environments. Coloniesare also found in exposed back reef and
deeper fore reef zones (to 18 m depth) at alower abundance, provided that there is good circulation, high light, and low
levels of sedimentation. Coloniesarelarge and tree-like with exceptionally thick and sturdy branchesupto3min
diameter. Elkhorn coral isan annual broadcast spawner (individual colonies release eggs and sperm bundlesin August/
September) that produces millions of gametes, but this species exhibits very low rates of sexual recruitment. Themain
mode reproduction is believed to be asexual - colonies produce long branches that become very fragile and are easily
dislodged during storms. These detached branches reattach to substrate and continue to grow, and damaged adult
coloniesregenerateinjuries.

At Steps, Tres Palmas and other surrounding fringing reefs, sea conditions are generally calm from April through
September, with periods of high wave actionin winter. Colonies are often fragmented, and the reef substrate may be
littered with branches, but these rapidly fuse to the substrate and begin sending up new branches (protobranches). This
has allowed elkhorn populationsto rapidly recover from storms; elkhorn coral populations have remained very dense,
with colonies slowly expanding into deeper water and to neighboring areas.

Distribution and abundance: This specieswasformerly the dominant specieson the shallow forereef in the Florida Reef
Tract, the Bahamas and throughout the Caribbean?, forming extensive, densely aggregated, monospecific thickets
between low water level and 5-6 m depth, in wave-exposed and high surge reef zones.

Colonies of A. palmata occur throughout shallow nearshore reef environments of Puerto Rico, except for 1) locations on
much of the north coast; 2) reef environments adjacent to major cities; and 3) reefs affected by discharge from largerivers.
Elkhorn populations were formerly most abundant on the northwest coast near Jobos and |sabela; on the west coast near
Rincon; south of Mayaguez to Boqueron; on reefs near La Parguera; fringing reefs near Guayanilla, Guanica, Ponce;
isolated reefs near Punta Tuna; Fajardo and offshore emergent reefs, and the islands of Mona, Culebraand Vieques.
Possibly thelargest remaining stand of elkhorn coral in Puerto Rico islocated at depths of 3-5 m on asubmerged reef 15-
20 km off Bogueron (Bajo Gullardo). During the 1970s and 1980s Goenaga conducted island-wide surveys of reefs; and
his reports provide extensive information on known locations of A. palmata throughout Puerto Rico.

Successand limitationsof life history and population recovery: The successthis specieshasachievedisaresult of its
fast rate of growth, persistence of injured adults by rapid wound healing, and high rate of asexual recruitment of frag-
ments (Gladfelter et al., 1978; Bak and Criens, 1981; Highsmith, 1982). A. palmata has adaptationsfor survival in shallow,
high energy reef environments occupied by few other stony corals, but colonies are susceptible to breakage from
physical forces associated with storms and high wave action. Branches that break off standing colonies fuse to the
substrate and continue growing. Thishasallowed A. palmata to rapidly recolonize an area after amajor disturbance and
spread into new areas, especially habitats not suitable for settlement by sexually-produced larvae (Fong and Lirman,
1997). However, this mode of reproduction also limits the extent of spread of populations. Unlike A. palmata, colonies
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that reproduce sexually and have a high success of settlement and recruitment of planulalarvae benefit from the ability to

disperse to surrounding and distant reefs, asthe larvae are carried by water currents. Because A. palmata exhibits limited

ability to recruit sexually, damaged populations are unlikely to recover unless alocal source of branches remainsfollowing
the disturbance.

While storms may enhance the spread of A. palmata populations, recent observations indicate that initial mortality to
colonies and fragments may be quite high, injured colonies and fragments exhibit reduced growth rates and declinesin
reproductive output, and damaged populations are susceptible to subsequent disturbances (Bruckner, unpubl. Data;
Lirman, 1998). If populations of A. palmata were seriously damaged near Rincon, thereisno other site within close
proximity that could serve asasitefor new recruits. Populations of elkhorn coral formerly existed on reefs surrounding
the Mayaguez Bay, but these have largely disappeared as aresult of poor water quality.

I mportance of Acropora palmata

A. Storm damage: Elkhorn coral thicketsreduceincoming wave energy, offering critical protection to coastlines. Lossof
this species may negatively affect shorelines with mangrove and grass bed habitats which rely on calm water provided by
these effectivereef barriers. Fringing reefswith elkhorn thickets, like thosefound in Rincon, are also particularly
important to coastal communities and the beach as they form a buffer that protects shorelines from erosion during storms.
Theloss of elkhorn thickets results in higher wave action reaching coastal environments, and this can lead to erosion and
loss of nearshore grassbeds and mangroves. In Rincon, the elkhorn thickets front a narrow sandy beach. Thereis high
wave action during winter. Thisis associated with offshore transport of sand, which accumulates among the corals on
fringing reefs and in the surrounding area. Without the presence of alarge stand of elkhorn coral, it islikely that much
more sand will be carried offshore during periods of high wave action, and the beaches may eventually disappear.

B. Fisherieshabitat: The high structural complexity produced by the interdigitated branches of A. palmata colonies
provide essential fish habitat. Studies from Florida and the Virgin islands have shown that a higher number of lobsters,
snappers, grunts, parrotfish and other large reef fish occur in areas with live stands of elkhorn coral. In many locations
elkhorn populations have died, but erect skeletons (standing in place) may remain for 10-20 years. Dead colonies
continue to provide high relief habitat utilized by a number of organisms. The skeletons are rapidly overgrown with algae
and benthic invertebrates, and fish communities become dominated by schools of herbivorous fish like surgeonfish due
toincreased biomass of algae. Over time, however, the skeletons eventually collapse, eliminating high-relief topography
and habitat for predatory fish and motile invertebrates.

C. Reef growth: Coral reefswereformerly dominated (prior to 1980s) by three speciesof coral - elkhorn coral (A. palmata),
staghorn coral (Acropora cervicornis) and star coral (Montastrea annularis complex). A. palmata formed characteristic
thickets in the shallowest, exposed areas, on fringing reefs and the outer portions of offshore reefs. These often extended
along the coastline or the crest of the reef for several kilometers. A. cervicornis also formsthickets, but it occursin
intermediate depths (5-25 m) on thefore reef in areas with moderate to low amounts of wave action, and shallow calm back
reef environments. M. annularisisacomplex of three species of massive corals that occurs throughout most reef
environments (it is uncommon in areas dominated by elkhorn coral). M. annularis growsvery slowly and colonies may
livefor hundreds of years forming immense structures several meterstall.

The genus Acropora include the fastest growing scleractinian coralsin the Indo-Pacific and Caribbean. Branch extension
ratesof 10-12 cm per year are common for the Caribbean species, which isapproximately 10 times greater than massive
reef-building corals. Gladfelter (1982) estimated arate of reef accretion by elkhorn coral of 10.3kg CaCO, /m?/yr; over 1000
years, shallow windward A. pal mata reefs have grown upward close to 15 meters, keeping pace with rising sealevel
(Adey, 1975).

This growth resultsin alarge accumulation of branches and rubble as aresult of wave action that periodically prunes
colonies. Some of these branches are carried to deep reef or soft bottom communities, where they accumulate and are
cemented together. This creates additional habitat for fish, hard substrate for colonization by other corals, and also
contributes to reef growth. In offshore populations of elkhorn coral, hurricanes will also break branches and carry these
from the front of the reef to the back side, depositing them in alower energy environment. These accumulate and slowly
build new islands. Recently Dr. Ernest Williams and colleagues excavated several of the outer islands off La Parguera
(Turrumote; Media Luna) and found that the entire island consists of elkhorn coral.
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Threats. A. palmata once was the dominant scleractinian coral on high-energy, windward reefs of the tropical western
Atlantic (Goreau, 1959; Almy and Carrion-Torres, 1963). Over the past two decades the density of this species has been
greatly reduced throughout its range as a result of various anthropogenic and natural disturbances®, especially white-
band disease (WBD) epizootics and storm damage (Gladfelter, 1982; Peters, et al.,1983; Rogers, et al ., 1982; Peters, 1993).
A number of studies have shown that elkhorn reefsrapidly recovered from periodic storms and other short-term
disturbances through regrowth of colony stumps and branch fragments. However, in many cases elkhorn populations are
being impacted by a number of different stresses at the same time which have may a synergistic effect, compounding
losses or preventing recovery.

Acropora palmata populations on the southwest coast of Puerto Rico have suffered similar losses to that reported from
other parts of the Caribbean. These reefs have been impacted by relatively few hurricanes since the 1960's, the most
severe of which were Hurricanes Edith (1963), David and Frederick (1979), Hortense (1996) and Georges (1998). While
Hurricane Edith caused extensive destruction to A. palmata thickets, Glynn et a. (1964) observed high survivorship and
continued growth among damaged colonies and fragments. Hurricanes David and Frederick also damaged A. palmata
populations (Armstrong, 1983), however information on patterns of recovery isunavailable. | followed the fates of
hurricane generated fragments on reefs near La Pargueraafter Tropical Storm Debbie (1994), Hurricane Hortense and
Hurricane Georges (Bruckner, unpubl. Data). In my study areaa high incidence of disease affected fragments after Debbie
with mortality that exceeded 50% of the branches, and Hortense dislodged and overturned many of the remaining
fragments. However, new fragments produced during Hortense exhibited fairly good survival until Hurricane Georges,
which removed most remaining standing colonies and fragments generated by Hortense. Some sitesin LaParguerahave
shown little recovery after 3years. Although La Parguera has some of the best deep reef environments (e.g., shelf edge
reefs) found in Puerto Rico (and these rival reefs found throughout the Caribbean), there is only one reef in the entire
Parguerareef system that still has an extensivethicket of A. palmata (Morelock, pers. Comm.Bruckner, unpubl. data). in
areas off La Parguerawhere this species once formed large thickets (shallow reef crest/ fore reef), only isolated colonies or
small groups of colonies remain and many of these are affected by disease, Cliona overgrowth, and snail predation.

In Rincon, anumber of broken colonieswere observed after Hurricane Georges. Unlike LaParguera, most fragments
remained near mother colonies and these did not die. Oneyear later the fragments were firmly attached to the reef and
had produced numerous small protobranches.

Like other Caribbean locations, observations from Puerto Rico suggest that coral disease has impacted this speciesin the
past. Ononereef near LaParguera, C. Goenaga observed an incidence of WBD which affected 20-33% of the A. palmata
coloniesin 1984 (Davis, et al.,1986). Duringthe 1990's| have documented aslow, steady decline of remaining A. palmata
thicketsin LaParguera due to a combination of factorsincluding disease and predation (Bruckner et al., 1997, unpubl.
data). On the east coast of Puerto Rico, vast stretches of living A. palmata colonies were observed in 1979 in Fgjardo,
Culebraand Vieques. Populationsnear Fgjardo were decimated by WBD inthe 1980s, and Hurricane Hugo in 1989
caused almost total destruction to A. palmata thicketsin eastern Culebro (Goenaga and Boulon, 1992). On 85 reefs off the
east coast and associated islands, populations of elkhorn coral have continued to decline from disease, sedimentation,
and a gal overgrowth (Hernandez-Degado, pers. Comm).

Tolerancetoterrestrial impacts: Elkhorn coral isan environmentally sensitive speciesthat requiresclear, high saline,
well circulated water with moderate temperatures (25-29 C). A. palmataisintolerant of prolonged periodsof high
sedimentation; this specieslacks awell developed ciliary mucus system found in sediment-tolerant specieslike Porites
astreoides and Montastraea cavernosa. It can only tolerate short periods of increased water turbidity if the siteis
exposed regularly to moderate to high levels of wave action. Rogers (1983) found that even low doses of sediment
accumulate on the flattened branch surfaces, resulting in rapid tissue necrosis; in addition, injuries regenerate more
dowly at elevated sedimentation levels (Meesters and Bak, 1995). Rincon’sreefsare affected by poor water quality
conditions during the rainy season in summer due to run-off, but murky conditions generally persist for short periods and
water clarity improving after afew days. Inwinter high wave action prevents accumulation of sediment on branches.
Clearing of the land adjacent to Steps reef would cause asignificant increasein run-off, whichislikely to havea
significant impact on nearshore elkhorn coral populations.

Natural disturbances: Coral diseaseisamajor factor that hasimpacted this speciessincethe 1970s (first reported in 1977
from St. Croix, USV1). White-band disease (WBD) spread throughout the Caribbean, with concurrent losses of 90-95%
reported during the 1980s and early 1990s. White-band disease still affects A. palmata throughout its range and other
new, white-type diseases (white pox; patchy necrosis) have been reported on this speciesin the 1990s. Elkhorn coral is
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one of only two coral species (other speciesis A. cervicornis) known to have experienced mass mortalities from disease.

Throughout its range, Caribbean-wide losses of A. palmata have been attributed primarily to WBD, with compounding
(localized) effects from hurricanes, increased predation pressure, hypothermic stress, bleaching events, physical damage
from ship groundings, and problems associated with increased nutrient and sediment loading. Two predatorsin
particular, include the fireworm, Hermodice carunculata and the corallivorous gastropod, Coralliophila abbreviata, are a
significant threat to elkhorn populations. While worms generally consume parts of individual branches, the gastropods
are capabl e of denuding entire colonies of A. palmata. The pressure on remaining populations from coral predators may
beincreasing in many locations, because, even if snail and fireworm densities have not increased, they may occur at
higher densities on individual corals because there are fewer coralsremaining. However, recent work suggests that coral
eating gastropods have become more prevalent and more voracious on reefsin Puerto Rico and the Florida Keys possibly
asaresult of overfishing of their predators, the octopus and spiny lobster (Bruckner et a., 1996; Szmant, pers. comm).
Work by Bruckner et al. (1997) examined the popul ation dynamics of snailson reefsin LaParguera, and therelative affect
of snails on remaining populations. This study showed that individual snailswill consume 5-25 square centimeters of
tissue in one day and aggregates of snails eat entire coloniesin as little as one month. It isinteresting to note that the
snailswere much larger (30-50 mm) than those found on massive corals, and these were predominantly female (the snails
change sex from male to female once they reach a certain size) suggesting that populations may continueto increasein
abundance (larger femal es producea higher number of offspring) and contribute to the loss of remaining coral thickets
near laParguera.

Fortunately, Rincon populations of elkhorn coral currently do not face a substantial threat from coral diseases or preda-
torsat thistime. Snails have been observed at high densities (2-25 snails per coral) on massive brain and star corals on
these reefs, but the snailsare very small (lessthan 1 cm). Over the duration of the study (1994-1997), only six standing
elkhorn colonies have been affected by groups of snails and associated predation was minimal.

A low incidence of disease has been observed at Steps and Tres Palmas. |solated colonies are periodically observed with
white band, and patchy necrosis may be relatively common after extended periods of terrestrial runoff (May-July, during
the rainy season water visibility may drop below 1 m and remain thisway for several days). However, patchy necrosis
most frequently affects fragments, colonies are not entirely killed, and branches begin to regenerate tissue of f areas that
wereformerly affected by disease.

An outbreak of disease (patchy necrosis) was recorded on Acropora palmata at Steps Reef during 1996. The occurrence
of the disease may be associated with high sediment |oads that affected corals at the time of construction of aresidential
structure across the street from Steps. The construction project involved removal of al trees, and the land was bulldozed,
exposing the underlying sediment. Unfortunately, this occurred during the rainy period in summer, and run-off was
exacerbated. Fortunately, the amount of sediment run-off declined within afew weeks, and the disease outbreak

subsided. However, thisindicates that coral populations are very vulnerable in this location, and devel opment of the land
immediately in front of Steps may seriously compromise elkhorn coral populations, especially if construction coincides
with the rainy season.

Conservation M easures. A. palmataisoffered limited protection by existing legidation in U.S. waters: The Fishery
Management Plan for Coral and Coral Reefs, developed in 1982 by the Gulf of Mexico and the South Atlantic Fisheries
Management Councils provides direct protection in federal watersfor acroporid corals (and other species). The FMP 1)
prohibits the taking of stony coral or destruction of coral; 2) establishes a permit system for taking corals for scientific or
educational purposes; 3) requires the return of stony corals taken incidently in other fisheries; and 4) prohibits the use of
toxic chemicalsin taking fish or other marine organisms. Other protected areasinclude National Parks (Florida: Dry
Tortugas; Biscayne National Park and the U.S. Virgin Islands: Buck Island; St. John) and in the Florida K eys National
Marine Sanctuary. Itisillegal to damage, remove, collect, or sell Acropora palmata and other stony corals In State waters
of Florida (State statute, in effect sincethe mid 1970s).

The Fishery Management Plan for Corals and Reef Associated Plants and Invertebrates of Puerto Rico and the USVI, July
1994, Caribbean Fishery Management Council regulatestake of stony coralsin federal waters around Puerto Rico:
Harvest and possession of stony corals, octocorals, and live rock, whether dead or alive, are prohibited, except for the
purpose of scientific research, education, and restoration. In territorial waters of Puerto Rico, DNER prohibits the harvest
or take of corals (Law No. 83) for commercia purposesexcept under permit.
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Potential impactsassociated with alossof elkhorn coral populationsin Rincon: The disappearance of these coral
thickets may ultimately affect the diversity and abundance of reef organisms, the rate of carbonate deposition and reef
growth, and the skeletal contribution to coral cayes and boulder ramparts (Hernandez-Avilaet al., 1977; Gladfelter et al.,
1978; Williams, pers. comm.).

Reduced Diversity. In addition to the loss of one of the most important reef buildersin the Caribbean, many organisms
that rely on A. palmata for habitat, feeding areas, and refuge will disappear.

Tourism. Stepsreef isavery popular site for snorkeling, due to the shallow water and close proximity to land. Stepsis
one of thefew reefsin Puerto Rico accessibleimmediately off the shore.

Beach erosion. Loss of elkhorn coral would result in stronger waves reaching the shoreline, which will subsequently
cause substantial increase in erosion of sand. Increased erosion of sedimentswill ultimately affect other benthic reefs
invertebrates found slightly deeper than elkhorn coral and also those found on the outer reefs. In addition, increased
erosionislikely to result in decreased water clarity which will affect the amount of light reaching photosynthetic reef
organisms.

TheU.S. Endangered SpeciesAct: Inthe U.S. Federa Register Notice (FR Doc. 99-1011, 1/15/99; Val. 64, no. 10) the
National Marine Fishery Service (NMFS) has proposed to add two coral species, elkhorn coral (Acropora palmata) and
staghorn coral (Acropora cervicornis) as candidates for possible addition to the List of Endangered and Threatened
species under the Endangered Species Act. These species are fast-growing, branching corals that form dense, high
profile, monospecific stands at shallow and intermediate depths. Formerly, these were two of the three most important
coralsin the tropical western Atlantic, contributing significantly to reef growth and providing essential fishery habitat.
During the last two decades, disease outbreaks and compounding (localized) factors such as hurricane damage, increased
predation, hypothermia, boat groundings, sedimentation, and bleaching have resulted in widespread mortalities. Losses
arewell documented at severa sitesin the U.S. and throughout the Caribbean, where populations declined during the
1980s by up to 96%. To date, acroporid corals have not recovered to their former abundance. Low remaining population
densities, astrong dependence on asexual recruitment by coral fragments, and limited potential for larval recruitment may
hinder recovery of these species, given continuing losses from coral diseases, storms, and human impacts.

In this notice, NMFSis not proposing to list these corals as Threatened or Endangered species under the U.S.
Endangered Species Act. The goals of the candidate species program are 1) to identify speciesthat may qualify as
candidates for possible addition to the List of Endangered and Threatened Species, 2) to assist in acquiring information
needed to determine the status and trends of a species, and 3) to encourage voluntary efforts to help prevent listings.
NMFSis seeking additional information on these species that would support or argue against inclusion on the candidate
species list. This includes historic and current population abundances and distribution, assessments of threats, and
existing and future protective measures that may assist in recovering these species.

Using information collected from an initial analysis of published information indicating that populations of A. palmata
werein serious decline, and public comments generated from the Federal Register Notice proposing the candidate listing,
NMFS added two coral species, elkhorn coral (Acropora palmata) and staghorn coral (Acropora cervicornis) to the
candidate specieslist of the Endangered Species Act (Federal Register Vol. 64, No. 120, June 23, 1999 pp. 33466-33467).

IStony corals recorded in study areaat Steps and Tres Palmas reefs: Acropora cervicornis, A. palmata,
Montastraea faveolata, M. cavernosa, Porites astreoides, P. porites, Favia fragum, Agaricia agaricites, Diploria
strigosa, D. clivosa, D. labyrinthiformis, Sderastrea siderea, Dendrogyra cylindricus, Colpophyllia natans,
Dichocoenia stokesi, Meandrina meandrites

2These species occur in Florida and throughout the Caribbean including the Antilles, the West Indies, Central
and South America, including Mexico, Belize, Honduras, Nicaragua, Costa Rica, Panamaand Columbia. Isolated
populations occur in the southern portion of the Gulf of Mexico, near Veracruz, Mexico; the northern limit in 1992 wasthe
Tuxpan Reef System, approx 29°N latitude; northern limit off the east coast of Floridais Biscayne National Park; the
speciesis absent from Bermuda, the east coast of Florida, Florida Middle Grounds and Flower Garden Banks; the
southernlimit isVenezuela, in areas without freshwater runoff.

SWhite-band disease is the most significant source of mortality to Acropora palmata populations throughout
the range over which this coral occurs, and populations have declined by as much as 90-95% as a result of disease.
However, localized losses of A. palmata populations have also been associated with storm damage, ship groundings,
predation, cold water events, flooding, bleaching, siltation, and algal and invertebrate overgrowth.
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Acropora in the U.S. Virgin Idands. A Wake or an Awakening? A Status
Report Prepared for the National Oceanographic and Atmospheric
Administration

CarolineRogers', William Gladfelter?, DennisHubbard®, Elizabeth Gladfelter*, John BythelI®, Rikki
Dunsmore?, Christy Loomis’, Barry Devine’, Zandy Hillis-Starr8, Brendd ee Phillips®

ABSTRACT

Many shallow reefsinthe USVirgin Idands (USV ) had extensive stands of Acropora palmata (elkhorn
coral) before white band disease and hurricanes caused dramatic declinesin thelate 1970sand 1980s.
Acropora cervicornis(staghorn coral) abundance al so was reduced by stormsand disease. None of the
reefsthat has been surveyed recently inthe USV 1 hashigher coral of these speciesthanit did 25-30 years
ago. Although A. palmata coloniesappear to beincreasing in number and Size on many reefs, colonies
areusually isolated from each other and few siteshave dense areaswith high elkhorn coral cover. Sexua
recruitment has been successful at somesites. Many coloniesarein very shalow water making them
especialy vulnerableto stormsand land-based devel opment.

INTRODUCTION

Inthe 1960sand 1970s, Acropora palmata (elkhorn coral) wasthe main reef-building coral at depths of
lessthan 10 minthe USVirginIdands, growingin nearly monospecific standsonthereef crest andinthe
upper and lower forereef zones of well devel oped fringing and bank barrier reefsand onisolated patch
reefs(Fig. 1). Although elkhorn coral wasthe most abundant coral intheseareasat that time, itsdensity
varied gresetly.

Figure 1. Elkhorn coral at Buck 19and Reef National Monument, 1966.
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Acropora cervicornis (staghorn coral) was al so abundant, although not often found in dense thicketsor
well-defined zones. Acropora prolifera, actually ahybrid between the two other Acropora spp. (Vollmer
and Palumbi 2002), wasvery rare'.

IntheUSVI inthemid 1970sand 1980s, white band disease (WBD) and hurricanes caused dramatic
declinesin A. palmata (Gladfelter 1982, Rogerset al. 1982) and apparently in the other Acropora
speciesaswell. In 1961, President John Kennedy designated Buck |sland Reef National Monument, St.
Craix, inrecognition of itsremarkable elkhorn barrier reef. The significance of the cord reefsaround St.
Johnwas specifically mentioned inthe 1962 | egid ation that added the marine portionsto VirginIdands
National Park (established in 1956).

The presence of thesetwo unitsof the Nationa Park Service (NPS) and Fairleigh Dickinson University’s
West IndiesLaboratory on St. Croix led to some of the earliest research on the Acropora spp. and
associated reefs, including studies of disease (Gladfelter 1982; Daviset al. 1986); hurricane damage
(Rogerset a. 1982; Hubbard et a. 1991); physiology, calcification and growth rates (Gladfelter W. 1982;
Gladfelter E. 19833, b, c; 1984; Gladfelter and Gladfelter 1979; Gladfelter et a. 1978, 1989); nutrient
budgets (Bythell 1988, 1990); productivity (Rogersand Salesky 1979; Adey et al. 1981), relationships
with reef fish assemblages (Gladfelter and Gladfelter 1978), and spatia distribution (Anderson et a. 1986;
Beetset al. 1986; Bythell et al. 1989; Hubbard 1989).

Thisreport isacompilation of historical and recent information on Acropora spp. intheUSVirgin Idands
(St. Croix, St. Johnand St. Thomas) based on qualitative observationsand quantitative studies
investigating avariety of scientific questionsand conducted with anumber of different methodsand
approaches appropriateto the question being asked. It doesnot include all theresearch results of studies
on Acropora, but rather focuses on studiesthat document patterns of abundance and distribution, and on
some of the mechanismsthought to beresponsiblefor the observed patterns.

ST.CROIX

A substantial amount of informationisavailablefor Acropora spp. at Buck 19 and Reef National
Monument (BIRNM), located 1.2 milesnorth of St. Croix. Themost significant changeto occur at
BIRNM inthelast three decades has been the demi se of the Acropora pal mata col oniesthat formed the
shdlow portionsof thebarrier reef. Bythell et al. (1989) summarized some of the major changes between
1976 and 1988, and their summary report on datafrom 1976, 1984 and 1988 isthe basisfor much of the
following discussion (Gladfelter et al. 1977; Anderson et al. 1986). In 1976, five cross—eef transects
were established at Buck Island, 3 onthenorth (BI-3, Bl-4, BI-5) and 2 (BI-1, BI-2) on the south side
(Fig. 2). At that time, the crest of the north and south bankbarrier reefsand the northern forereef was
composed of greater than 50% live A. palmata.

Acropora pal mata was the most abundant coral on theforereef slope down to the bank at adepth of 10-
15 minthenorth and east sectionsof thereef. In the south, this specieswas dominant to depths of 3-4 m.
About 75% of thetotal livecora cover of 44% on the northern forereef dopewasA. palmata. By 1984,
when Anderson et a. (1986) surveyed thereef, the cover of A. palmata wasdramatically reduced inthe
region of transect BI-3. Intheforereef area, cover by hard coral swasreduced to 20%, although A.
palmata was still dominant (>10%). Anderson et al. (1986) reported patches of healthy elkhorn coral at
thistimewith 80% live cover but aso noted that most of theforereef had standsthat were almost
completely dead.

olImer and Palumbi (2002) present datathat demonstratethat A. proliferaisamorphologically variable,

first generation hybrid of A. palmata and A. cervicornis.
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Figure 2. Cross-reef transectsestablished at Buck Iland in 1976.

Surveysinthefal of 1988 confirmed many of thefindingsof Anderson et a. (1986), and showed additional
declinesin the Acropora spp. In 1988, live coral cover waslessthan 12% with only about 3% A. palmata
ontheforereef near transects BI-3 and Bl-4. In contrast, along transect BI-5, A. palmata comprised 72%
of thetotal cover of 27% on the upper forereef, suggesting that thisareawas|ess affected by the mass
mortality which devastated most of thereef. Thisspecieswasonly rarely seen below adepth of 3-4mon
any part of thereef.

In 1976, Acropora cervicorniswasnoted in patches on the mixed coral/gorgonian bank seaward of the
bank barrier reef and comprised 2% of thetotal coral cover of 27 %. Surveysin 1988 indicated virtual
disappearance of this specieson the north side of Buck 1dand and large reductionsin abundance on the
south side, although it comprised up to 2-3% of the coral cover in somelocalized areas off the southern reef
(Bythell et al. 1989). Acropora cervicornisisnow rarearound St.Croix, at least in shallow water.

Acropora proliferawasnot common around Buck Idand in the 1970s, athough in the lagoon off the east
end of theisland cover of this speciesreached about 60%. Bythell et al. (1989) suggested that thiswas
perhapsthe best-devel oped stand of thisspecieson St. Croix. Anderson et al. (1985) noted thickets of
mostly dead A. proliferaherein 1984. Infall 1988, cover of thisspecieswaslessthan 1% (Bythell et a.
1989) (Fig. 3).
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Figure 3. Mostly dead thicket of Acropora prolifera, north backreef lagoon Buck Idand, 1997.

Thedramatic demise of the Acropora spp. at Buck Idand inthe 1970sand 1980s can largely be attributed
towhite-band disease (WBD) which affected many Caribbean reefsduring thistime period (Rogers 1985,
Bythell and Sheppard 1993). Thediseaseleft extensive standsof these cora sintact but dead (Fig. 4).

Figure 4. Intact dead Acropora palmata stand, east end Buck |sland 1986.

White-Band Disease (WBD)

A 1973 report on Buck 1dand includeswhat isapparently thefirst referenceto acondition later labeled
“whiteband disease” by Dr. William Gladfelter. Photographsand arough drawing show thedistinctive
narrow white band separating theliving end of an elkhorn branch from the a gal-encrusted dead base
(Robinson 1973). In 1976, Gladfelter et a. (1977) found incidences of WBD at Buck Island but reported
that only afew percent of the coloniesin any areawereaffected. Impressivestandsof living elkhornwere
present at Buck Idand at thistime. Gladfelter began to measuretherate of progression of WBD on
individual coloniesand to monitor itseffect on the populationsof A. palmata on Buck Idand and Tague
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Bay Reefs(Gladfelter et al. 1977; Gladfelter 1982). Thedisease progressed at arate of about 1 to 14 mm/
day (withan average of c. 6 mm/day). Similarly, Daviset a. (1986) estimated a progression of 4-5 mm/day
for the disease based on datafrom Buck I and.

Hurricanes

Hurricaneshave also caused significant deterioration of cora reefsat Buck Iand. 1n 1979, Hurricane
David caused extensive physical damageto shallow elkhorn cora standsthere (Rogerset a. 1982). Off the
southeastern forereef, monitoring of ssorm-damaged e khorn branches showed 66% of themwere still
alivell monthsafter the storm and many of these had begun healing and initiating new branches (Rogerset
al. 1982). However, elkhorn coral recovery was hindered by white band disease which devastated this
primary reef-builder (seeabove).

In 1989, Hurricane Hugo, an exceptiona ly powerful storm, caused further destruction (Fig. 5). Thefive
cross-reef transectsestablished in 1976 werere-surveyed (Gladfelter et al. 1991). Theshallow forereef on
the south side of Buck Idand wasreduced to pavement, and the coral rubble generated wastransported up
onto thereef crest, forming araised berm 30 m landward of the crest (Hubbard et al. 1991). No Acropora
pal mata was recorded on the south reef in locationswhereit had previoudy been dominant. Onthe
eastern shallow forereef Acropora palmata cover fell from 5%t0 0.8% (Gladfelter et al. 1991) inan area
that had once supported 85% cover of thisspecies. Thenorthreef at Buck Island waslessseverely
damaged by Hurricane Hugo, but Acropora pal mata popul ationswere still reduced from approximately
1.8%to 1.0% cover ontheforereef of transect Bl-3, an areathat had previousy supported about 36%
cover of thisspecies(Gladfelter et a. 1991). These surveysclearly showed the effectsof the storm, but
most of the Acropora spp. mortality had already occurred. Interestingly, many of the A. pal mata colonies
killed by WBD remained upright, even in exposed areaslike Buck 1sland Bar to the north.

Figure5. Elkhorn cora fragmentsat Buck Idand Reef National Monument after Hurricane Hugo (1989).
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In 1988 more permanent monitoring siteswere established at Buck Iand (Bythell et a. 1992, 19934).
Although Acropora specieswere no longer adominant part of the coral community at the start of this
period, it can be seen that where they occurred there have been further reductionsin cover over the past
decade (Fig. 6), aperiod of unusually intense hurricane activity (Bythell et a. 2000a, b). Oneof thesiteson
the northern reef was established near cross-reef transect BI-5 (see above), and showsthat hurricanesand
disease have destroyed at | east some of the standsthat were still intact in 1988 (Bythell et al. 1989).

Acropora palmata (Site 3; north backreef)
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Figure6. Reductionsin cover of Acropora palmata and A. cervicornison permanent transect monitoring
sitesat Buck I1dland over the past decade (Bythell et a. 2000a). No Acropora specieswererecorded on
thesetransectsin 2000.

Beginningin 1993, Acropora pal mata col onieswere observed in the southeast forereef in the areascraped
clean by Hurricane Hugo, although they were only aminor component (0.4%) of the coral community
recruiting tothearea(Bythell et a. 19933, 2000b). In 1995, after Hurricane Marilyn, some colonieswere
up to 1to 2 macrossbut exhibited physical damagefromthe storm. Additional colonieshaverecruited to
thisareaand appear to bein relatively good condition athough they have been affected by subsequent
stormsand snail predation. West of Buck Idand, numerous, large elkhorn colonies, somereaching2m
across, can befound (Zandy Hillis-Starr, Brendaee Phillips, perscom.).

Recent monitoring of individual elkhorn colonies and surveys of spatial distribution

In January 2000, NPS biol ogiststagged coloniesof Acropora palmata on the southeast forereef of Buck
Idand (lessthan 4 m deep). They have photographed them annually sincethen. All photographsare
captured from video takenwithaSONY DCR-V X700 Digital Handycam. Over thistwo year period, 14
colonieshave grown noticeably or remained about the sameintermsof total tissue cover, while 11 havelost
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livetissue (3 of thesehavedied). Some of these colonieshave exhibited very high rates of growth (as
observed in photographs), apparently approaching the high end of therange reported previoudy at Buck
Isand (calculated as4 to 11 cm/year in Gladfelter et al. 1978 and Rogerset al. 1982). Coralliophila snails
were present on some coloniesand actively feeding when examined in 2002 (One untagged colony inthis
areahad 57 snailsonit). Territoria damselfish were observed in photos of somecolonies. Snorkel surveys
conducted between February and August 2002 along the Buck Idland forereef, both north and south, have
shown anincreasein the number of Acropora palmata coloniesinwater 1—10 m deep. Thecolonies
rangein sizefrom severa centimeters(sexud recruits) tolarge branching coloniesover 2 mmaximum
dimension. Most sexual recruitshave devel oped branches after settling on dead A. palmata structure,
however therearea so anumber of “crusts’ that arere-sheeting (reencrusting) dead A. palmata branches.
Some of these crusts have spread into each other and have merged to cover, in oneinstance, an areaover
5mlong. Inthe backreef/lagoon entire A. pal mata patch reefsthat have been standing dead structurefor
yearsarenow coveredinliving tissue. A rough visual estimate of thedistribution of A. palmata coloniesin
the areaof the 2000 Acroporatag site (south forereef) hasrecovered since Hurricane Hugo (1989) to
maximum densitiesof 3 coloniesper m?. Themajority of these coloniesare smaller than 1 m. However,
large colonies (>1 m) haveincreased in number aswell, indicating survivorship of coloniesfirst notedin
1993 and 1995 (Z. Hillis-Starr, pers. comm.).

In August-September 2002, the distribution of A. palmata coloniesalong Buck Idand forereef was
surveyed using amodification of the method devel oped by C. Rogers, B. Devine, and Christy Loomis(see
below; Rogerset d. 2002). The coloniesweredivided into three size classes (small = 0-25 cm, medium =
26-100 cm, large>100 cmin maximum dimension), and their locationswere recorded while snorkeling
using handheld GPS units. To date an areaof approximately 41,880 m?has been surveyed and 2,238 A.
palmata colonies have been recorded (Fig. 7). Approximately 49 %, 35 %, and 16 % wereinthesmall,
medium, and large size classes, respectively (Fig. 8).

Other surveys of former elkhorn-dominated reefs around St. Croix and comparisons of
past and present coral cover

In February, March and April 2002, W. Gladfelter surveyed selected reef zonesaround St. Croix that had
been formerly dominated by A. palmata. Ninereef siteswere surveyed in March 2002 to ascertain present
cover and recent recruitment of A. palmata, and to compare current cover to cover during the 1970s-
1990s. Three study siteswere on the south shore (Robin Bay forereef; |saacsBay forereef; and | saacsBay
backreef); three on the north shore (Tague Bay, Prtzl Reef; Tague Bay forereef, Romney Point; Channel
Rock) and three off shore (eastern forereef Buck Idand; Bythell’sReef; Friday Reef). Attheeastern
forereef of Buck Idand, thestudy plot initiated in 1988 (Gladfelter 1991) wasre-visited and the position
and size (projected surface area, from photographs) of all live A. palmata colonieswererecorded. At al
sites percent cover (planar surface) of A. palmatawasrecorded. At somesitesthiswas determined from
measurementstaken from photographic belt transects (Prtzl Reef, Romney Reef, Friday Reef, Buck Idand
forereef) whileat other Sitesit was estimated from swimming several belt transects, approximately 50mx 2
m, at agiven site. At Siteswhere photographi c belt transectswere made, size frequency distributions (made
by measuring the maximum diameter of each colony) and colony density were a so determined.
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Figure7. Distribution of A. pal mata coloniesaround BIRNM eastern forereef, September 2002.

Figure8. Digtribution by size classof A. palmata coloniesalong the south forereef at BIRNM, September
2002.
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Table 1 compares past and present percent planar cover by A. palmata. Some of the previousvaluesfor
cover wereobtained from Adey et al. (1981) who used achain transect method to determine cover of live
tissue at several south shoresites(ranging from 10to 66%) aswell asvertical relief (1.9t0 3.0). Their data
for cover weredivided by their estimatesfor relief to arrive at arough estimate of planar cover. Percent
cover inthe 1970sranged from about 7-9% on the southern forereefs, to about 33% onthelsaac’'s
backreef (estimated from Adey et al. 1981, and Gladfelter, pers. obs.). It wasabout 25-35% throughout
much of the north shore and the offshore reef area(Gladfelter, pers. obs). Maximum documented cover
was 62% on the eastern forereef of Buck |dand (datacal culated from 25 photoquadrats; Gladfelter et al.
1977), dthoughin somerelatively large areas the percent cover approached 100% (Fig. 9). Totd livetissue
cover waseven higher, of course, astherewere often severa overlappingtiersof branches, covered on
both sides. Therewasan average of 1.75 m? of live A. palmata tissue per meof reef. Thecoloniesinthis
forereef zone had extremely long branches oriented perpendicul ar to the approaching wavefronts(i.e.
paralle tothedirection of the prevailing waves). Thelargest colony measured (in 1988; Gladfelter, pers.
obs.) had alength of 7.1 m.

Table 1. A comparison between the late-1970sand 2002 of percent planar surface cover of Acropora
palmata at siteson St. Croix.

REEF NAME mid-1970s % cover 2002 % cover
Southshor e Reefs

Robin fore reef 7% <0.1%

| saac fore reef 9% <0.1%

I saac back reef 33% 0.5-1.0%
Offshore Reefs

Channel Rock estimated 35% 0.1-0.5%
Friday Reef estimated 35% 2.4%
Bythell's Reef estimated 35% 0.5%

Bl Barrier Eastern fore reef 62% 0.5-1.0%
Northshor e Reefs

Tague Bay FR (Romney) 47% 3.6%
Tague Bay (Prtzl Reef) estimated 25% 1.4%

At present (2002), no reefs can be considered A. pal mata-dominated asthey wereinthe 1970s, yet all the
surveyed sitesshow somelive A. palmata, and some show evidence of at least two successful recruitment
eventsinthe past 10-15 years. Cover on the south forereefsis<0.1%. At the other sites, the cover ranges
from 0.1t0 3.6%. Totd livecora tissuereduction hasbeen much greater than it may at first appear. For
instance, in 1977, the percent cover inthe Romney Point areawas measured as47% (Gladfelter 1982). It
isnow 3.6%, 7% of thelate 1970slevel. Yet thetotal surfaceareacf livetissueisactualy muchless
becausethe present coloniesare small, and many are primarily crusts, rather than complex three-
dimensiond colonies. Previously, many coloniesstood several metersabovethe substrate with livetissue
covering not only thetop and bottom of the branches, but also extending down to the base of the colony as
well. Thusoveral tissuereductioninthereef zonesformally dominated by Acropora palmataisamost
catastrophic, two orders of magnitude or greater.
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Figure 9. Acropora pal mata colonies on the eastern forereef of Buck ISandin 1977.

Ontheeastern forereef of Buck Idand (inthe 200 mzstudy plot; Table 2) therewasadrastic reductionin
total number of coloniesfrom 1988 (106 colonies) to 2002 (10 colonies), and areduction in total % planar
cover, from5%to 1%. 1n 1989, the sitewasre-surveyed the weekend before Hurricane Hugo arrived.
Therewere 104 col onies of which 98 remained from the 106 recorded in 1988 and six new ones
(presumably 8 werelost toWBD). 1na1990 survey several monthsafter Hurricane Hugo, only 17
colonieswereclearly recognizable as pre-Hugo, and many of these had been displaced and/or had a
reductionin surfacearea; therewere 33 coloniesinthe plot with atotal planar cover of 0.8%. 1n1991,
therewere 61 colonies intheplot, over haf of whichweresmall, recent recruits. After HurricaneMarilyn
hit St. Croix in 1995, the plot wasagain surveyed, and only 33 coloniesremained, of which only 7 were
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fromthe pre-Hugopopulation. Two other hurricanes, Georges (1998) and Lenny (1999) also hit St. Croix.
In 2002, only 4 of the pre-Hugo coloniesremained, athough each had grown. Theresultsof thisstudy
have someinteresting implicationsfor the genetic composition of any new popul ation that may develop at
thissite. Only avery few, rather small colonies of the pre-Hugo popul ation have survived. 1t wouldtake
yearsbeforethey could repopul atethissiteasexualy. Eventhough therecruitsfrom the 1990-1991
recruitment event appear to havedied at thissite, it gpparently isan area capabl e of successful recruitment.
A new population established at thisstemay well haveavery different genetic make-up fromtheorigina
population, asit will be primarily composed of sexua recruits (which may then grow, fragment, and expand
their zone). Onthreedites, Prtzl Reef, Romney Reef, and Friday Reef, some parameters of population
structure, sizefrequency and density data, were determined. Recruitment of Acropora palmata wasfirst
noticedin 1992 on Prtzl Reef, when many coloniesof approximately 10-15 cmin height were observed
(Gladfelter, pers. obs.). 1n2002, thisreef had many circular colonies, varyingin sizefrom new recruits(less
than 10 cmin diameter) to coloniesaslarge as 120 cmin diameter. Asthissiteisonly about 0.5mto1.0m
deep, it hasbeen directly impacted by the many stormsthat have affected St. Croix in the past decade.
Some of the colonieshad obviously been overturned, but had re-cemented to the substrate and new
brancheswere growing outwardsand upwards. The Romney Point section of Tague Bay forereef had the
most abundant A. palmata inthe entireforereef zone (about 2 m depth). Atitsrichest area, coral cover
was 3.6%, the highest measured anywhere during thisstudy. The coloniesranged from small cruststolarge
coloniesamost 2mindiameter. Whiletherewassomeevidence of small coloniesresulting from successful
sexua recruitment, many of the colonies appeared to be the results of fragmentation and re-cementation. At
Friday Reef, at adepth of 4.5 m, the colonieswerecircular, and al appeared to have been theresult of
successful sexud recruitment. Coral coloniesmeasured from the photoquadratsranged from small colonies
up to 150 cm in diameter, with many around 80 cm. At both Prtzl Reef and Friday Reef, the present
populationsmay beentirely derived from successful sexual recruitment. Onerecruitment episode may have
beenin 1990 (asat Buck Idland) and another about adecade | ater.

Table 2. Fate of Acropora palmata colonieson Study Plot #1 (20 mx 10 m) on the eastern forereef of
Buck Idand, including percent planar surface cover, colony density and number (no.) of remaining
pre-Hugo colonies.

YEAR % cover No. colonies/200m’ No. NOTES
pre-Hugo

1977 62%

1988 5% 106

1989 104 98 8 lost to WBD/6 added
HUGO

1990 0.8% 33 17 displaced

1991 61 1990 recruitment

MARILYN

1996 33 7 Marilyn mortality?
LENNY

2002 1% 10 3 Lenny mortaity?
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Conclusionsfor St. Croix

* Populations of A. palmata which dominated reefs on the eastern half of St. Croix (with ca. 10% upto
amost 100% planar cover, covering atotal areaof amost 10 km?) inthelate 1970s have been reduced to
< 0.1% cover in many areasto amaximum of 3.6% by 2002.

* Severa sites(onthe order of hundreds of m?) have numerousyoung, healthy A. pal mata col onies, many
of which aretheresult of morethan one successful episode of sexua recruitment.

« Barring devastation by storms (for which the species has shown remarkable adaptationsfor survival),
disease (WBD wasvery rarely observedinthiscurrent survey), or predators these popul ations appear
capableof recovery inthefuture.

* Over half of theindividua coloniesof elkhorn coral that have been monitored since January 2000 at
Buck 1dand have grown, some of them substantialy, athough some colonieshavedied.

* Recent surveysto determinethe presence and distribution of A. palmata aong Buck Idand’sbarrier reef
show dramatic signsof recovery of thespecies. Althoughtherewasavery patchy distribution of colonies,
inthe densest areasthere wasamaximum of 3 coloniesper m?.

ST. JOHN
Reefsoff St. John once dominated by Acropora pal mata have been affected greatly by white band
disease and hurricanes.

White-Band Disease

During surveysin early 1984, Beetset d. (1986) found WBD at seven sites off the northern shore of St.
John, athough it wasnot common at any location. At thetimeof their work, somestandsof liveelkhorn
werestill present on many of thereefs, but other areashad piles of storm-generated rubble and standing
dead coloniesprobably killed by WBD. Themostimpressive stand of living elkhorn wasfound aongthe
western shore of Haulover Bay off theidand’ snorth shore. Thisand other shallow reef areasare now
graveyardsof dead elkhorn coral, with branches and fragmentsinterspersed among algal covered
skeletonsstill innormal growth position.

Hurricanes

Hurricanes David (1979) and Hugo (1989) caused severe destruction onthereefsof St. John. InFish
Bay and Reef Bay, powerful wavesfrom Hurricane David smashed elkhorn coloniesand deposited the
fragmentsin rampartsontop of thereef crests(Beetset a. 1986). Eveninthe absence of major stormsor
other obviousstresses, shalow elkhornreefsare particularly vulnerable. For example, 40 of the50
elkhorn corasthat were monitored over aseven month period in 1987 in Hawksnest Bay, St. John
exhibited algal growth, tissuelossfrom corallivorous snailsand other unknown predators, bleaching, and
physical breakage (probably from boatsand northern swells) (Rogerset al. 1988).

Recent surveysof Acroporaspp.in St. John

Biologistsand Gl S-specidistsfromthe US Geologica Survey, Nationa Park Serviceand the University of
the Virgin Idands (and volunteers) are collaborating on surveysof Acropora spp. around the USVI
(primarily around St. John and St. Thomas). They have devel oped aprotocol for mapping and assessing
the condition of elkhorn coloniesbased on recording GPS waypointsfor each surveyed colony along with
dataon depth, size (estimated from 3 measurements), presence of disease and predators, percent dead,
etc. Photographsare also taken of each colony, and all dataare entered into adatabase. The GPS
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waypoints are mapped onto geo-referenced aerial photographs providing information on spatial patterns
(seeFigure 10; Rogerset al. 2002). Over time, they hopeto be ableto document if thereisanincreasein
both the number and size of the elkhorn colonies. The protocol ismoredifficult to usewhen coloniesarein
dense stands (although such stands are now found at only 2 sitesaround St. John). However, the GPS unit
can be used to delineate apolygon around the stand, and at least some of the desired data can be collected.
Recent work to date around St. John hasfocused on elkhorn, although the same protocol isbeing used to
survey A. cervicornis (staghorn).

Figure 10. Aeria photograph of Haulover Bay with GPSwaypointsindicating elkhornlocationsinthe
western portion of the bay.

Surveyshave been done around most of theidland of St. John. Figure 11 reflects datacollected from four
different visual census methods and sources; the detail ed method where GPS coordinates and data.on
colony condition arecollected onindividual coloniesand three similar rapid assessment methodsthat collect
limited dataon colony sizedistribution and abundance. Valuesin Figure 11 reflect thetotal number of
individual, discrete coloniesa ong each section of coastline, combining datafromall methods. Colonies
rangeinsizefrom several centimetersto 200 centimetersin greatest dimension. Numbersin parentheses
indicate theabundance of colonieswith detailed information. The other numbersrefer to totalsof individual
coloniescollected using rapid assessment methods. In some cases, coloniesare aggregated and in other
cases, coloniesare scattered along astretch of shoreline. Abundances are underestimatessince many areas
have not been sampled yet. Datawere collected from May 2001-August 2002.
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Preliminary analysisof dataon 279 elkhorn coloniesfrom 5 locations around St. John showsthat many of
thecorasarerdatively small (Fig. 12) and could have become established since Hurricane Hugo (1989)
and HurricaneMarilyn (1995). New sexua recruitshave definitely become established on reefsformerly
dominated by elkhorn coral. Coral-eating snailswere present on about 12% of the coloniessurveyed.
About 25% of the colonieswere partialy dead (1 to 85%). No active white-band disease was seen.

Figure 11. Distribution of elkhorn coloniesaround St. John.
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These surveysof elkhorn coral around St. John show very patchy distribution, with Hawksnest Bay and
Johnson’s Reef having the highest amount of thisspecies. At Hawksnest Bay, over 300 elkhorn colonies
aregrowing on onepatchreef. Theelkhorn cora inthisbay declinedinthelate 1980'sand early 1990's
presumably from acombination of white band disease and storm damage, although no quantitative dataare
available. A patchreef intheeastern part of thisbay hasvery few living elkhorn colonies. Runoff following
18inchesof rainina24 hour periodin April 1983 ismost likely responsiblefor killing at |east some of the
cord inthisportion of thebay (E. Gibney, pers. comm.) (Construction in thiswatershed had resultedin
deposition of largeamounts of sediment at the head of the gut that emptiesinto eastern Hawksnest).

In 1999, numerous coloniesof A. pal mata were observed growing in western Hawksnest Bay. Hurricane
Lenny in November 1999 and a January 2000 storm with extremely large swellsdestroyed some of these,
athough most coloniesremainintact. In February 2000, 149 live coloniesand 51 living fragments of
elkhorn wererecorded within an areaof 100m? on one patch reef (Rogers 2000). The cover of liveelkhorn
inthissmall reef areawasabout 30%. Thereef continuesto be susceptibleto runoff from the developed
watershed abovethe bay. Storms, disease, predators and damage from boats continue to cause elkhorn
colony mortality around St. John. In April 2002, an 85’ ferry grounded on Johnson'sReef ingde Virgin
IdandsNational Park, causing extensive damageto living elkhorn colonies. Two other boatshavehit this
reef sincethen.
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Figure12. Sizedistribution of elkhorn coloniesaround St. John. Unitsare cn® (from multiplication of
height, length and width measurements).

Acroporacervicornis

No detailed surveysof Acropora cervicornishave been donearound St. John, but general observations
document widespread, mostly isolated coloniesin depths of at least 8m. No deeper surveyshave been done
specifically to quantify the abundance of thisspeciesaround theidand. No extensive“thickets’ of this
speciesare present, except in SabaBay, off the east end of St. John. Hansen Bay, on the east end of St.
John, hasahigh density of mostly isolated colonies (over 112 coloniesin an areaof about 6,950 m? on one
patch reef (Rogers2000). Thecover of liveelkhorninthissmall reef areawas about 30%. Thereef
continuesto be susceptibleto runoff from the devel oped watershed above the bay. Storms, disease,
predatorsand damage from boats continue to cause elkhorn colony mortality around St. John. In April
2002, an 85’ ferry grounded on Johnson’'sReef insde Virgin IdandsNationa Park, causing extensive
damageto living elkhorn colonies. Two other boatshave hit thisreef sincethen). Damselfishterritoriesand
possibly white-band disease are frequently noted on staghorn corals.

Acropora prolifera
A singledense stand of this*“ species’ hasbeen videotaped in SabaBay. Thereisno development inthis

watershed, but it isnow for sale and any development of the steep upland areaswill threaten survival of
theseshallow colonies.
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ST.THOMAS

Theexistenceof large A. palmata “ ghosts’ and fragmentsof A. cervicornisindicatethat at onetimethese
specieswerethe main reef-building coralsin the near shoreareasof St. Thomasand outlying cays. These
corasapparently succumbed to white-band disease and hurricanes. Livestandsof A. palmataaswell as
dead, upright coloniescan befound just south east of Buck Idland (St. Thomas); east of Flat Cay, Hull Bay,
Botany Bay; southeast and southwest of West Cay; northeast of the point of Little St. Thomas; and south-
east and west of Black Point, Perseverance Bay and David Point (Fig. 13). Therearesmaller dead
coloniesof elkhorn aswell asliveindividua coloniesinthe deeper waters (12 m) of the spur and groove
reefsin Sprat Bay and Limestone Bay off Water I5land.

It has been reported that extensive thickets of Acropora cervicornisexisted near Buck Island at depths
up to 17m before Hurricane Marilynin 1995. Thisstorm apparently destroyed thesethickets. 1nJune
2002 only afew staghorn colonieswere seeninthisarea, and they appeared to have white-band disease.

Figure 13. The map showsareasthat have been surveyed or have been reported to have Acropora
palmata around St. Thomas as of July 2002.

Recent surveys of Acropora spp.

Using arapid assessment method, 448 elkhorn col onieswererecorded from 16 | ocationsaround St.
Thomas(Fig. 13). Of the coloniesfor which thereisinformation on condition, 63 were healthy, 131 were
“moderately” hedlthy, and 3weremostly dead. Some of themost extensiveelkhorn standsaround St.
Thomasarefound in Botany Bay whichissoonto be developed extensively.
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LONGER-TERM PATTERNS: A GEOLOGICAL PERSPECTIVE

Whilethecoral reef monitoring and research programsinthe USV I, and particularly at Buck ISand, provide
some of thelongest and most complete records of recent A. palmata history, they provide only aglimpse of
longer-term patterns. Perhapsthe greatest question with respect to the recent declinein abundance of this
(and other) speciesistherd ativeimportance of anthropogenic factorsversusnatural, cyclic change.
Jackson (1992) and others have examined Plei stocene reefsand noted azonation pattern similar to what
was seen on Modernreefsprior totheearly 1980's. It has been suggested that thisfidelity of zonation
reflects conditions 125,000 years ago that were more stabl e than those occurring today. 1tistemptingto
concludefrom thisthat the“more stable” Plel stocenereefs can be used to characterize* pre-anthropogenic
conditions’ and contrasted with the reef decline of recent decades. However, Jackson (1991) cautioned
that gpparent stability can change dramatically depending on either temporal or spatia scae. When viewed
over longer periods(i.e., timeaveraging) or acrossgreater distances, reef communitieswill appear more
stablethanthe* chaos’ that often characterizescommunity dynamicsat thequadrat level. Thus, thequestion
remains, “How do we use the recent geol ogic record asabackdrop for recent losses of Acropora?’

Figure 14. Map showing thelocation of coring transects across the northern and southern portions of Buck
Island reef. Thelocation of Buck Idand relativeto St. Croix isshownintheinset. A profileacrossBuck
Island Bar showing corelocationsisprovided below the map.
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A coringinvestigation was conducted at Buck Iland in 1989 and 1990 to document the Hol ocene
development of thereef. Seven coresweretaken along two transectsthat correspond to biological
monitoring stations (BI- 3 onthe north and BI- 2 to the south:Fig. 14). Anadditional corewasrecovered
fromBuck Iand Bar ontheexposed platform north of Buck Island.

If one comparestherelative percent cover of the main coral species(andtotal coral abundance) inthecores
to monitoring datafrom the samelocations, astriking smilarity existsbetween thetime-averaged community
structure over the past 7,000 yearsand the pre-WBD reef community. Thisisinlinewith Jackson’s
observationson Pleistocenereefsand strongly suggeststhat areef community dominated by A. palmata

has been thenorm at Buck Idand over the past seven millennia.

Itistempting to takethese observationsfurther and imply that thisspatial persistencereflectstemporal
stability of thereef community. Thissmilarity hasinfact been cited asevidencethat “theregional Acropora
kill iswithout precedent inthelate Holocene” (Aronson and Precht 2001). However, acloser examination
of thedatafrom the Buck 19 and coresand other Caribbean sitesindicate that the Situationisnot thissmple.

Early development at Buck |dland was dominated by massive corals, despite oceanographic conditions
seemingly morefavorablefor Acroporagrowth (i.e., clear, shallow water with activecirculation). This
patternisasotypica of the FloridaKeysand other shallow reefsdevel oping at thistime. Acropora

pal mata eventually took over thereef crest but again disappeared from the Buck I dand system around
3,000 yearsago. It re-established after nearly athousand year hiatus. If one comparesthispatterntothe
larger Caribbean, it appearsthat the absence of A. palmatafrom Buck Idlandispart of alarger, regional

pattern.

Figure 15 summarizesthe pattern of A. palmata occurrence based on over 120 samples (agesare either
calibrated ,,C or U/Th determinations). Starting around 6,000 Cal bp (“ calibrated years before present”),
the abundance of A. palmata samples decreasesdramatically (notethat the flattened circlesaremangrove
peat dates and not coral dates). Thiscorrespondsto thetimewhen Caribbean reefsthat onewould expect
to have been dominated by A. palmatawerenot. Again, A. palmatais not seen between 3,000 and 2,000
Ca bp. Thiscorrespondsto the shift from A. palmata to massive coralsat Buck Island.

Thewidespread occurrence of these gaps acrossthe Caribbean arguesfor aregional or global cause.
Sudden changesin sealeve or loca oceanographic conditions cannot explain the pattern. The confinement
of theevent to A. palmata and itsbroad impact are similar to the recent white-band disease outbreak.
Whilean absolutelink cannot be proven at thistime, the occurrence of widespread A. palmata | ossestwice
intherecent geol ogic past argue against such eventsbeing “ unprecedented” .

Whatever the causefor past outbreaks, anthropogeni c factors have played animportant rolein recent reef
decline and rising human exploitation of tropical coastal areas cannot continuewithout seriousnegative
repercussons. Theabovediscussionarguesfor are-examination of our newfound confidencein separating
natural from anthropogenic change. Thegeologic past providesan important long-term record against
which present-day change can be considered. However, until we address spatial and temporal scaling
problemsinherent in comparing atime-averaged record created over thousands of yearsto monitoring
records spanning at best three decades, accurately applying the ancient record will remainan elusivegoal.
Inthebalanceliesour ability to make objective and scientifically grounded management decisonsonalocd,
regiona or globd scale.
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Figure 15. Plot of age and depth (relativeto present sealevel) of Caribbean A. palmata samples. The
sedleve curvesof Lighty et al (1981: solid) and Neumann (unpubl.) are also shown. Notethegapsin
A. palmata starting at ca. 6,000 and 3,000 Cal bp. From Hubbard et a (2000, in press).
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CONCLUSIONS

» None of thereefsthat hasrecently been surveyed hasadensity or percent cover of e khorn cora
equivalenttowhat it hadinthe past. Overall tissuereductioninthereef zonesformally dominated by
Acropora pal mata has been catastrophic, two orders of magnitudeor greater. “Graveyards’ of elkhorn,
where detached dead branches of this speciesareinterspersed among dead but standing colonies, aretill
visbleonmany reefs. However, at least at somelocationsaround all three of themagjor idands,

St. Thomas, St. Croix, and St. John, thereisevidencethat elkhorn coral isrecovering. Maximum cover of
elkhorn noted to date around St. John was 30% for asmall areaon Hawksnest Reef and 3.6% at Romney
Reef off St. Croix.

* Staghorn cora isnow relatively rarearound St. Croix but numerous, mostly isolated coloniesare
common around St. John.

» Comparisonsof previousand present val uesfor percent cover will usually underestimatethe actual
declinesin elkhorn because of the coral’scomplex morphology. Thisisbecausethepresent coloniesare
small, and many are primarily crugts, rather than complex three-dimensiona coloniesasinthe past.
Those coloniesstood severa metersabovethe substrate with livetissue covering not only thetop and
bottom of the branches, but extending down to the base of the colony aswell.

 White-band disease has been more responsiblefor mortality of the Acropora spp. than any other factorin
theUSV 1, athough the physical damage from hurricaneshasjeopardized recovery fromthisdisease. No
active WBD has been noted on elkhorn coralsaround St. John thisyear, and it was seen on only afew
coloniesaround &t. Croix. Staghorn coralsoften havefreshly killed portionsfor which the causeis
unknown. WBD appearsto beresponsiblein some cases.

* Sexua recruitment of A. palmata has been successful at many locations.

» Although the Acropora spp. can reproduce effectively through fragmentation (Highsmith 1982), the
storm-generated fragments of these speciesinthe USV 1 have not survived and grownto replacethereefs
decimated by disease and storms.

» Many of thenew cora coloniesarein very shalow water closeto shore making them especidly vulnerable
to runoff from devel opment, exposureat low tide, and storm surge. Many are exhibiting considerablelosses
tosnail predation. Itisnot clear if recovery will continue.

» Although ekhorn cora hasmany mechanismsfor recovering from phys cal damage, and fragmentscan

developinto new colonies, itisnot clear that it will be as successful at recovering from the current assault
fromthe overal, unprecedented combination of stresses (including predation and disease).
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Threats to Acropora spp. in the Caribbean

Richard B. Aronson,
Dauphin Idand SeaL ab, 101 Bienville Boulevard, Dauphinidand, AL 36528

William F. Precht,
PBS&J, 2001 Northwest 107" Avenue, Miami, FL 33172

Mass mortalitiesof Acropora pal mata and Ac. cervicornison Caribbean reefsover thelast three
decadeshave caused drastic declinesin cora cover throughout theregion. Although hurricanesand cold-
water events (in Floridaand the Bahamas) havekilled acroporids on somereefs, white-band disease has
been the singlemost significant source of mortality onaregiona level. Paeontological work in Belize
suggeststhat the Acroporackill iswithout precedent in at |east thelast 3-4 Kyr. Analysisof 36 reef cores
extracted from a375-km? area of the central shelf lagoon showed that Ac. cervicornisdominated
continuoudy for at least thelast 3,000 yr. Thelettuce coral Agariciatenuifolia occasionaly grew insmall
patchesuntil thelate 1980s. Within adecade, Ac. cervicorniswasvirtually eiminated by white-band
disease. Ag. tenuifoliarecruited to and grew on the dead coral branches and wasthe dominant coral by
themid-1990s. The scal e of speciesturnover increased from tensof square metersor lessto hundreds of
sguare kilometersor more. Paleontological datafrom the Dominican Republic, St. Croix and the
Bahamas support the hypothesisthat the current situation isunprecedented onamillennia scale.

Inforereef environments, the establishment of damselfish territoriesand other |ocalized mortality were
responsiblefor variability at the smallest spatial and tempora scales (square meters, monthsto years)
within populationsof acroporids. Hurricane damageintroduced variability at larger spatial and temporal
scales (kilometersto tensof kilometers, yearsto 1-2 decades). The spatial scale of mortality of
Acroporaspp. hasincreased to aregional scale, virtually eliminating variation at arange of smaller spatial
and temporal scales.

Current threatsto remnant popul ations of Acroporainclude hurricanes, disease, coralivory, hyper- and
hypothermic stress, sea-level riseand pollution. Thesethreatsgenerally act in combination rather than
individually. Thelifehistory strategiesof Ac. palmata and Ac. cervicornisare not conducivetorapid
recovery fromregional massmortality. At present, agariciidsand poritidsarethe most common corals
colonizing the disturbed surfaces of reefsformerly occupied by acroporids.
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Focal Acropora spp. Assessment in the Florida Keys

Margaret W. Miller
NOAA/NMFS, Southeast Science Center, 75 VirginiaBeach Dr, Miami, FL 33149

Thispresentation will summarizetwo recent assessmentsof Acropora spp. status. Thefirstinvolves
population surveysof elkhorn coral, Acropora palmata, and its predator, the corallivorous snail
Coralliophilaabbreviata, inthe Key Largo area. Surveyswere conducted annually in May from 1998
t0 2001 at six sitesinthe FKNMS; three no-take zones and threereference areas. At each survey, size
and condition of each sampled cora colony was estimated aswell asthe number and size of itsresident
snails. A drastic declinein A. palmata popul ationswas observed between May 1998 and May 1999,
coinciding with asevere bleaching event and Hurricane Georges during summer/fall of 1998. All colonies
inthree patches (out of 10, ~200 colonies) sampled in 1998 suffered complete mortality by May 1999.
Sampling at two sitesin October 1998, after Hurricane Georges, confirmed that average sizesof standing
coloniesand of loosefragmentshad decreased while the abundance of fragmentshad increased. The
total amount of live A. palmata (as measured by total # of coloniesor by total “liveareaindex”) extant at
three siteswhereall colonieswere sampled declined drastically from 1998 to 1999 and has shown only
marginal recovery from 1999to 2001. Theincidence of whiteband disease (WBD) inthese A. palmata
patches has been cons stently low throughout the study, below 6% for any given sitesurvey with zero
incidence observed in many sitesurveys. Theaverageincidence of WBD observed in 2001 was 2% of
colonies(n=6 sites). Theaverage density of corallivoroussnailson A. palmata (#/A. palmata colony
surveyed, n=6 sites) more than doubl ed from 1998-2000 but declined dightly between 2000 and 2001
(overal mean~0.8for 2001). Siteswithlow-density A. palmata stands (LD sites) had consistently
more snailscolony? (0.8-2.5) than siteswith thickets (0.4-1.0). Meanwhile, theaveragesizeof snailson
A.palmata declined between 1998 - 1999 and has rebounded somewhat by 2001. Published measure-
mentsof average snail consumptionrateare~1-2 (cmAive A.palmatatissue)snail *d*withindividual
measurementsranging up to 6.5 (cmAive A.pal mata tissue)snail 1d™.

The second assessment eval uated changein total Acropora spp. cover at LooeKey (lower Keys) over a
longer timeframe. In 2000 the occurrence and approximate sizeof al A. palmata and A. cervicornis
colonieswas recorded on scaled base maps of the spur and groove structure at L ooe Key and compared
to archival maps made with the same scal ed base mapsin 1983. Total areal lossfor the mapped area
was estimated at 93% for A.palmataand 98% for A. cervicornis. Itislikely that considerable
Acropora spp. losshad occurred prior to 1983, and isthus not included in these estimates.

Lastly, recent attemptsat larval culture of A.palmata for restoration will be described.
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Status of Acropora Coralsin the Florida Keys:
Habitat Utilization, Coverage, Colony Density, and Juvenile Recruitment

Mark Chiappone, Steven Miller and Diane Swanson
Center for Marine Scienceand NOAA'sNational UnderseaResearch Center,
University of North Carolinaat Wilmington, 515 Caribbean Drive, Key Largo, FL 33037, USA
Tel: 305451 0233, Fax: 3054539719, Email: chiapponem@uncwil .edu

Aspart of an ongoing, large-sca e assessment and monitoring programinthe FloridaK eys, thisstudy
collected coverage and colony density datafor Acroporacorasintheregion, including Dry Tortugas
National Park and Tortugas Bank. Theresults presented are considered preliminary becauseour initial
sampling program was not optimized for surveying the coverage and density of Acroporacoras. During
1999-2001, atotal of 260 siteswere sampled in theregion, including 204 sitesfrom southwest of Key
West to northern Key Largo (Figure 1) and 56 sitesin Dry Tortugas National Park, the Tortugas Bank,
Riley’sHump, and south of the MarquesasK eys(Figure 2). Aspart of our larger program, sampling was
stratified with respect to habitat type, geographic region, and protection from fishing to ascertain spatial
variationsin mean percent coverage, species presence-absence, density of juveniles, andthedensity, size,
and disease prevalence of colonies>4 cm maximum diameter. Inrandomly selected sampling locations,
10m or 25 mtransectswere used for linear point-intercept estimates of cover, and 1 m swathswere
surveyed for the presence and density of Acropora colonies. During 2001, larger transects(25mx 2m)
werea so used to obtain density estimates of both species. Eight habitat typeswere surveyed from
nearshoreto the deegper forereef (15 m) and included mid-channel and offshore patch reefs, back reef
rubble, high-relief spur and groove, low-relief hard-bottom, and low-relief spur and groove. Siteswere
further classified by geographic regioninto thelower, middle, and upper Keys.

M ean percent coverage for both Acropora species, asdetermined from surveysof 100 pointsfor each of
four transects per site, waslow (Table 1 and Figure 3). Inthe FloridaK eys, mean coverage by

A. cervicorniswas 0.049% among the eight habitat typesand did not vary significantly. Mean cover was
greatest on high-relief spur and groove reefs (0.049%) and offshore patch reefs (0.045%). Mean coverage
by A. palmata waseven lower throughout the FloridaK eysthan its congener, even on many high-relief
spur and groovereefswhereit wasformerly abundant. Among the eight habitat typessurveyed, A. palmata
wasonly recorded in high-relief spur and groove. Mean coverageinthishabitat typewas0.158% and
ranged from 0.158% in thelower Keys, 0.300% inthe middle Keys, t0 0.338% inthe upper Keys. The
density of Acropora colonieswasquantifiedin25mx 0.4 mor 10mx 0.4 mtransects. For

A. cervicornis, mean colony densitiesamong the eight habitat typeswere no greater than 0.052 colonies/m?
and therewere no significant differences detected in mean colony density among habitat types (Table 3).
Offshore and mid-channel patch reefs had the greatest mean densities (0.047-0.052 colonies/m?). Within
strip transect surveys, coloniesof A. palmatawere only found inthe high-relief spur and groove habitat.
Themean density estimatefor thishabitat typewas 0.036 col onies/m?, ranging among regionsfrom 0.010/
m?inthemiddle Keys, 0.015/m?inthelower Keys, and 0.073/m? inthe upper Keys. Patchesof
numerous colonieswere evident at Sand Key, Eastern Dry Rocks, Molasses Reef, Sand Iland, and Elbow
Reef, most of which arewithin Sanctuary no-fishing zones.
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The prevalence of disease or disease-like conditionsindicated relatively low prevaenceof for both
Acropora species, athough few colonieswere assessed during 1999-2001 (Table 4). Of the 31 A.
cervicornisencountered, only one colony exhibited signsof possiblerecent disease. Threeof the 18
coloniesof A. palmata assessed exhibited either white band disease or signs of recent disease, evidenced
by dead white skeleton. Not surprisingly, few juvenilesfor either Acropora specieswere encountered
fromthe 260 ForidaKeyssites. Reconnai ssance surveysin several locations, however, did reveal some
smaller coloniespresumably derived from sexual recruitment, supported by thelack of nearby colonies.

Becausedensity estimatesusing 25 mx 0.4 mor 10 mx 0.4 m transectswere so low for both Acropora
species, the 2001 surveysal so included larger and additional transectsto assessdensities (Tables5-6).
For the FloridaK eysshallow forereef, both spur and groove and hardbottom were surveyed from Key
West to northern Key Largo at 2 mto 8 m depth. Densitieswere extremely patchy (Table5 and Figure 4)
and despitetherelatively large samplearea, only 43 coloniesof A. cervicornisand 302 coloniesof A.

pal mata were recorded. Maximum densitiesfor particular reefswere 2.25 colonies/m?for A. cervicornis
and 12.13 colonies/m? for A. palmata (Figure4). Inlow-relief hard-bottom areas, 50 A. cervicornis
and 18 A. pal mata col onieswere encountered and were even more patchily distributed.
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Table 1. Mean percent coverage of Acropora cervicornis and A. palmata by habitat type and
regional sector in the Florida Keys, 1999-2001 (Miller et a., NURC/UNCW).

Habitat/regional strata (no. sites) Acropora cervicornis Acropora palmata
Mean % cover SE Mean % cover SE
Mid-channel patch reef (16) 0.016 0.022
Lower Keys (6)
Middle Keys (8)
Upper Keys (2) 0.125 0.145
Offshore patch reef (22) 0.045 0.052 --- -
Lower Keys (12) 0.083 0.128
Middle Keys (1)
Upper Keys (9)
Back reef rubble (7)
Lower Keys(7)
Inner linereef tract (4)
Upper Keys (4)
High-relief spur and groove (46) 0.049 0.089 0.158 0.174
Lower Keys (24) 0.073 0.158
Middle Keys (5) 0.100 0.407 0.300 0.733
Upper Keys (17) 0.338 0.400
Low-relief hard-bottom (62) 0.012 0.014
Lower Keys (13) 0.058 0.060
Middle Keys (28)
Upper Keys (21)
Patchy hard-bottom in sand (8)
Lower Keys (1)
Middle Keys (6)
Upper Keys (1)
Low-relief spur and groove (39) 0.006 0.011
Lower Keys (25) 0.010 0.019

Middle Keys (11)
Upper Keys (3)
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Table 2. Survey effort and number of Acropora cervicornisand A. palmata colonies sampled for
colony density in the Florida Keys, 1999-2001 (Miller et al., NURC/UNCW).

Habitat/regional strata No. sites Survey area A. cervicornis A. palmata
surveyed (m?
Mid-channel patch reef
Lower Keys 6 34.8
Middle Keys 8 32.6
Upper Keys 2 12.4 6
Subtotal 16 79.8 6
Offshore patch reef
Lower Keys 12 107.6 13
Middle Keys 1 5.6 --- ---
Upper Keys 9 50.6
Subtotal 22 163.8 13
Back reef rubble
Lower Keys 7 140.0
Inner linereef tract
Upper Keys 4 61.0
High-relief spur and groove
Lower Keys 24 283.7 3 2
Middle Keys 5 63.6 2 1
Upper Keys 17 194.7 1 15
Subtotal 46 542.0 6 18
Low-relief hard-bottom
Lower Keys 13 230.4 4
Middle Keys 28 506.0
Upper Keys 21 403.6
Subtotal 62 1140.0 4
Patchy hard-bottom in sand
Lower Keys 1 20.0
Middle Keys 6 110.0
Upper Keys 1 20.0
Subtotal 8 150.0
Low-relief spur and groove
Lower Keys 25 558.7 2
Middle Keys 11 220.0
Upper Keys 3 60.0
Subtotal 39 838.7 2
Total 204 3115.3 31 18
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Table 3. Mean density (no. colonies'm?) of Acropora colonies (> 4 cm max. diameter) by habitat
type and regional sector in the Florida Keys, 1999-2001 (Miller et al., NURC/UNCW).

Habitat/regional strata (no. sites) Acropora cervicornis Acropora palmata
Mean colonies/m? SE Mean colonies/m? SE
Mid-channel patch reef (16) 0.047 0.047

Lower Keys (6)
Middle Keys (8)
Upper Keys (2) 0.375 0.375

Offshore patch reef (22) 0.052 0.031 - -
Lower Keys (12) 0.094 0.055
Middle Keys (1)
Upper Keys (9)

Back reef rubble (7)
Lower Keys(7)

Inner linereef tract (4)
Upper Keys (4)

High-relief spur and groove (46) 0.009 0.004 0.036 0.025
Lower Keys (24) 0.010 0.006 0.015 0.015
Middle Keys (5) 0.020 0.020 0.010 0.010
Upper Keys (17) 0.005 0.005 0.073 0.064

Low-relief hard-bottom (62) 0.004 0.002
Lower Keys (13) 0.018 0.010
Middle Keys (28)
Upper Keys (21)

Patchy hard-bottom in sand (8)
Lower Keys (1)
Middle Keys (6)

Upper Keys (1)
Low-relief spur and groove (39) 0.003 0.002
Lower Keys (25) 0.004 0.003
Middle Keys (11)
Upper Keys (3)

Table 4. Proportional prevalence of Acropora corals affected by diseasesin the Florida Keys,
1999-2001. N = total number of colonies sampled (Miller et al., NURC/UNCW).

Species Condition No. colonies affected Prevalence (proportion)
A. cervicornis Dead white skeleton 1 0.0323

Non-diseased 30 0.9677

Total 31 1.0000
A. palmata Dead white skeleton 1 0.0556

White band disease 2 0.1111

Non-diseased 15 0.8333

Total 18 1.0000
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Table 5. Mean (+ 1 SE) Acropora densities (no. colonies/100 m?) in Florida Keys fore reef
habitats (2-8 m depth) during 2001, using 25 m x 2 m transects. Sites are arranged from
southwest to northeast and those marked with an asterisk are Sanctuary no-fishing zones.

Habitat type/region/site Area (m?) Acropora cervicornis Acropora palmata
No. colonies/100 m? No. colonies/100 m?
Western Dry Rocks 800 --- 0.63+ 0.50
Sand Key* 800 1113+ 6.62
Eastern Dry Rocks* 800 - 1.63+1.36
Marker 32 400
Western Sambo Reef* 800 2.25+0.80 3.50 + 3.50
Middle Sambo Reef 800 0.25+0.25
Eastern Sambo Reef* 800 0.13+0.13
No Name Reef 400 0.13+0.13
Pelican Shoal 400
East of Pelican Shoal 400 --- ---
American Shoal 400 1.25+0.48
Lower Keys Subtotal 6,800 0.54 £ 0.20 1.84+0.94
Sombrero Key* 800 0.13+0.13 150+ 1.00
East Delta Shoal 400 125+1.25
Middle Keys Subtotal 1,200 0.50+ 0.42 1.00+0.69
Pickles Reef 1,200 0.08 £ 0.08
Mol asses Reef* 800 0.25+0.16
Sand Island 400 11.75+8.25
Elbow Reef* 800 12.13+9.08
South of S. Carysfort 800
Carysfort/S. Carysfort Reef 1,600 0.25+ 0.25 1.13+£0.46
Upper Keys Subtotal 5,600 0.07 £ 0.07 2.88+1.48
Spur and groovetotal 13,600 0.35+0.11 219+ 177
Marker 26 400 150+ 1.50
Maryland Shoal 1,600 1.94+0.52
East of Looe Key 400
West of Big Pine Shoal 400
Lower Keys Subtotal 2,800 1.32+0.39
Delta Shoal 800 0.88+0.64
Crocker Reef 800
Davis Reef* 800 0.13+0.13
Little Conch Reef 800 1.38+0.60
Southwest of Conch Reef 400
Conch Reef* 800
Northwest of Conch Reef 800 213+ 213
Middle Keys Subtotal 5,200 0.25+0.12 0.35+0.33
Little Pickles Reef 400 --- ---
Southwest of Molasses Reef 400 --- ---
Northeast of French Reef 1,200
Dixie Shoal 800
Dixie Shoal 800
Upper Keys Subtotal 3,600
Hard-bottom total 11,600 043+0.12 0.16 £ 0.15
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Table 6. Mean (+ 1 SE) density (no. colonies/100 m?) of A. cervicornisin Florida K eys mid-
channel and offshore patch reef habitats during 2001, using 10 m x 2 m transects. Sites are
arranged from southwest to northeast and those marked with an asterisk are Sanctuary no-fishing
Zones.

Habitat type/site Region Sample area (m?) Acropora cervicornis
No. colonies/100 m*

Mid-channel patch reef

South of Sunshine Key Middle Keys 160 1.25+1.25
East Washerwoman Middle Keys 160
South of VacaKey Middle Keys 160 ---
East of Marker 49 Middle Keys 160 0.63+ 0.63
Turtle Shoal Middle Keys 160
East Turtle Shoal Middle Keys 160
Cheeca Rocks* Middle Keys 320 ---
South of Molasses Channel Upper Keys 320 9.06 + 5.24
Habitat subtotal 1,600 2.00+1.15
Offshore patch reef
Northwest of Davis Reef Middle Keys 160
West of Pickles Reef Upper Keys 160
West of Molasses Reef Upper Keys 320 5.31+297
White Banks/Dry Rocks Upper Keys 320 ---
East of Mosguito Bank Upper Keys 160
South of Carysfort Reef Upper Keys 160
West of Carysfort Reef* Upper Keys 320 ---
Habitat subtotal 1,600 1.06 £ 0.67
All patch reef types 3,200 1.53 £ 0.67
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Figure 1. Acropora survey locationsthroughout the FloridaK eys, 1999-2001.
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Figure 2. Acropora survey locationsin the Tortugas, 1999-2000.

1999 - 2000 Benthic Habitat Surveys

FKNMS Tortugas Morth Ecclogical Reserve

24°45'

Dry Tortugas
National Park -

Tortugas Bank .~

24°40°

O
| NS
J.
)
. wl
-«5%“3?5 Lu

%
i ¥ 3
7 oMot g *

8
3
- E - _ Florida Keys NMS
Benthic Surveys ™ ]
\\ Rebecca -"-"’_',_" »
= 1999 R . Shoal © .. Marquesas
Y 1
0O 2000 \\\ T < . Keys ©
Il Coral Reef “ - N, o W . o
5Km UKm 5 Km 10km || rieys ‘@ W pp0——0
S ! / Hump S —————
83°00' : 82°85'

133



Figure 3. Mean percent cover of Acropora cervicornis and A. palmata on high-relief spur and
groove reefs (top) and low-relief hard-bottom (bottom) on the Florida Keys fore reef during
2001. Sites are arranged from southwest to northeast and error bars represent one standard error.
Valuesin parentheses are the number of sites surveyed for each reef, with 100 points surveyed
along each of four 25 m transects per site.
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Figure 4. Mean density (no. colonies/100 m?) of Acropora cervicornis and A. palmata on high-
relief spur and groove reefs (top) and low-relief hard-bottom (bottom) on the Florida Keys fore
reef during 2001. Sites are arranged from southwest to northeast and error bars represent one
standard error. Values in parentheses are the number of sites surveyed for each reef, with 400 m?
surveyed for colony numbers per site.
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Acropora- A Review of Systematics, Taxonomy, Abundance,
Distribution, Status, and Trends: Florida, 1881 - 2000

Walter C. Jaap
HoridaMarine Research | ngtitute, Fish and Wildlife Conservation Commission

Systematics

Phylum Cnidaria
Class Anthozoa Ehrenberg, 1834
SubclassZoanthariadeBlainville, 1830
Order ScleractiniaBourne, 1900
Suborder AstrocoeniinaVaughan and Wells, 1943
Family Acroporidae Verrill, 1902
Genus Acropora Oken, 1815

Acropora palmata (Lamarck, 1816)

Acropora cervicornis(Lamarck, 1816)

Acropora prolifera (Lamarck, 1816)
Genusdescription:
Acropora: Branched, bushy, plate-like, sometimesencrusting. Axia andradia coralliteson branches.
Two cyclesof septa(=12); porouscoradlitewalls, cordliteswithout columella. Thetype speciesis
Acropora muricata (Linné 1758), missing, typelocality unknown.

Geographicdistribution: Pacificand Indian Oceans, Red Sea, Persian Gulf, Western Atlantic-
Caribbean.

Stratigraphy: Eocene (58 x 10°Y BP) to Recent

Veron and Wallace (1984) reported that there were 364 extant speciesof Acropora, 361 inthelndo
Pacificand threeinthewestern Atlantic. Thethreewestern Atlantic species, A. palmata, A.
cervicornis, and A. proliferaarecommonly referred to aselkhorn, staghorn, and fused staghorn corals.

Acropora palmata

Madrepora palmata Lamarck, 1816

Madrepora muricata formapa mata Brook 1893
Madrepora muricata Duerdan, 1899

Madrepora (Acropora) palmata Mayer, 1914
Acropora palmata (Lamarck) Vaughan, 1915
Acropora palmata (Lamarck) Wellsand Lang, 1973
Acropora palmata (Lamarck) Veron 2000

Description: Acropora palmataisthelargest of all Acropora species; coloniesare up to four meters
from branch tip to branch tip, two metershigh, with abasetrunk that isup to 40 cmindiameter. The
baseisfirmly attached to the substrate. Branchesareflat or lesscommonly round, tubular radial coralites
areof variousdiametersand length. Browntoyellow-gold color.
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Geogr aphicdistribution: Known from Dry Tortugasto Broward County in Florida. Inthewestern
Atlantic, A. palmataisknown from the Bahamas, Greater and Lesser Antilles, Venezuela, Aruba,
Bonaire, Curacao, Colombia, Panama, Nicaragua, Honduras, Belize, Mexico.

Stratigraphy: Late Plioceneto recent.

Bathymetry and habitat preference: Depthrangeis<1tol7 m, optimal range1to5m. Thenomina
habitat isthe seaward face of areef such asthe spur and groove formations and seaward portion of the
reef flat. Branch fragmentsare often found occupying back reef areasfollowing storms; A. palmata may
form extensive barrier reef structuressuch asin Bdlize, Greater Corn Idand, and Roatan.

Reproduction and growth: Acropora. palmataisahermaphroditic broadcast spawning species. The
primetimefor releasing eggsand spermisin August and September. We documented that eggs, ova, and
spermwere present intissues (histologica analysis) during Junethrough August, 1978-1980. 1n 1977
and 1981, wedid not see evidence of reproduction. Growth rate (branch extension) is4to 11 cm per
yearinFlorida. A colony that was 2 metersin height would be 18to 50 yearsold. The4cmrateis
based on Vaughan'searly studiesin Tortugasand probably under estimatesgrowth. Acroporapalmata
canrapidly spatially monopolizelargeareasby fragment propagation. Fragmentscleaved from thecolony
may grow into new individuals (Highsmithet a., 1980; Bak and Criens, 1981; Tunnicliffe, 1981;
Highsmith, 1982; Rogerset al., 1982; Tunnicliffe, 1984).

Acropora cervicornis

Madrepora cervicornisLamarck, 1816

Madrepora cervicornis Pourtalés, 1871

Acropora cervicornis(Lamarck) Goreau and Wells, 1967
Acropora cervicornis (Lamarck) Veron, 2000

Description: Acroporacervicornis. Arborescent, tubular branches, distinct axial-tubular corallitesat
branchterminasandradia corallitesdistributed relatively uniformly onbranches. Radid coralitesoften
form bractsrather than tubes. Secondary branchesdivergefrom primary branchesat 30 to 90 degree
angles. Specimensfrom deep water tend to havelong and dender (about 1.5-cmin diameter) branches
and fewer secondary branches. Branchesof coloniesfrom shallow water tend be thicker (about four cm
indiameter) with agreater number of secondary branches. The color rangesfrom gold and yellow to
brown. Coloniesareoften not firmly attached to the substrate. Branchesmay fuseto adjacent branches
(anastomosis) forming apretzel-likemaze. Largethicketsform acomplex structurethan may betwoto
three metersin height and 30 meterslong (seenin Dry Tortugasintheearly to mid 1970s).

Bathymetry: The specieswasreported to depthsof 50 m off Discovery Bay, Jamaica(Goreau and
WEells, 1967), but ismore often seenin depthsof 3to 30 min Florida

Reproduction and growth: The speciesisahermaphroditic, broadcast spawner. Theova, eggs, and
sperm were seen during summer of 1978, 1979, and 1981; in 1979, therewas active gonad generation
from January through June (unpublished data). Propagation from fragmentsiscommon (Gilmoreand
Hall, 1976, Tunnicliffe, 1981). Growth ratefor A. cervicornisis4to 12 cm per year. The specieshasa
morerapid growth during warmer monthsin Florida (Jaap, 1974).
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Acropora prolifera

Madrepora prolifera Lamarck, 1816

Madrepora prolifera (Lamarck) Pourtal és, 1871

| sopora muricata forma prolifera Vaughan, 1901
Acroporaprolifera (Lamarck) Cairnset a. 1991

Thisspeciesisthe most enigmatic of thethree. Itisconfusedwith A. cervicornisand poorly studied. The
distributionincludes Dry Tortugas, Yucatan, Belize, Jamaica, Columbia, Panama, and the Netherlands
Antilles.

Florida status and trends
Acropora palmata:

Dry Tortugas- 1882 to 1993. Estimated areaof coveragewent from 109 acres (Agassiz, 1882),t00.15
acres(Davis, 1982), to 0.35 acres (Jaap and Sargent, 1993).

Elkhorn Reef, Biscayne National Park, 1977 to 1981, A. palmata abundance ranged from 8 to 28 colonies
(Figure4) along three 25 m long transectsfrom 1977 to 1981 (Jaap, 1983).

Key Largo- 1981t01986. At Elbow Reef, abundance ranged from 66 to 84 colonieswithin 16 one m?
guadrats. At Frenchreef, abundance ranged from 42 to 99 colonieswithin 26 onem? quadrats. At

Mol asses Reef, abundance ranged from 79 to 135 colonieswithin 25 onem?quadrats. Thetrend these
reefswasvery stable populations (Figures, 5-8).

LooeKey, 1983. Seventeen Acropora palmata coloniesoccurredin six quadratsonaspur, 2to 7m
depth.

Cora Reef Monitoring Project, USEPA WQPP, 1996 to 2000, datafrom 160 video transectsfrom north
Key Largoto Smith Shoal. A. palmata occurred at five shallow reef sites. Dataare processed by point
count analyses, weidentify benthos and substratefor gpproximately 600 pointsat each station, and there
arefour stationsper reef. Percent cover dataare computed from therelative number of pointsthat were
covering A. palmata colonies.

The percent cover contributed by A. palmata at upper Keys Reefsranged from 7.23 percent in 1996 to
0.95 percent in 2000. Inthelower Keysreefs, A. palmata cover ranged from 7.27 percent in 1996 to
0.85 percentin 2000 (Figures 10, 11).

Acropora cervicornis

InDry Tortugas, Agassiz (1882) estimated A. cervicornis covered 1030 acres, Davis (1982) estimated
coverageat 1181 acres. In 1976-77 ahypothermic event occurred, killing 90 to 95 percent of the
population of A. cervicornisand A. prolifera at Dry Tortugas (Walker 1981, Porter et al., 1982). 1n 1983
therewasalossfrom adiseasethat caused significant losses of A. cervicornis (Peterset al., 1983).

Inastudy of severa reefsin Biscayne National Park from 1977 to 1981 we saw adecilein abunce at
Elkhorn Reef (N= 3 transects) of 32to 15 colonies(Figure4).
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Inastudy at Key Largo Reefsfrom 1981 to 1986 we observed adecline of 175to 0 coloniesat French
Reef and 120to 3 coloniesat Molasses Reef (Figures7, 8).

Inthe CRM P study we observed declines: inthe upper keys, A. cervicornisdeclined from 0.13 percent
cover in 1996 t0 0.03 percent in 2000, inthemiddie Keys, A. cervicornisdeclined from 0.26 percent
cover in 1996 to 0.00 percent in 2000, and inthelower Keys. A. cervicornisdeclined from 0.11 percent
cover in 1996 to0 0.02 percent in 2000. In Dry Tortugas, at White Shoal, we saw arelatively stable
abundancein A. cervicornis(Figures 12-15).

Causesfor Acroporadeclinesin Florida
Natural disturbances: hurricanes, hypothermia, hyperthermia, winter storms (1992 storm of the century).

Diseases. thewhitedisease seenin A. palmata and in A. cervicorniscan bevery serious Gladfelter
(1977) and Peterset a. (1983, 1986) report on theimpact and causative pathogen.

Predatorsthat feed on Acroporainclude the fireworm Hermodice carunculata (Marsden, 1960, Glynn,
1960); the gastropod Coralliophilla abbreviata (Brawley and Adey, 1981), the three spot damsel fish
(Kaufman, 1977, Potts, 1977). Competitorsfor lebensraum (space): Fleshy algae (Lighty, 1981)

2 Elkhorn Reef, BNP, 1977-1981
E Transect abundance
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Figure4. Abundance of Acropora palmata and A. cervicornisat Elkhorn Reef, Biscayne National
Park, three 25 m long continuouslinetransectsparallel to the depth contours (3 to 5 m depth).
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Figure 10. Acropora palmata cover at Upper
Keyslocations, 1996 to 2000, point count
anadysisof videoimages.
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Figure 11. Acropora palmata cover at lower
Keyslocations, 1996 to 2000, point count
andysisof videoimages
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Figures 12-15, Percent cover by A. cervicornis, CRMP sites, upper keys, middiekeys, lower keys,
and Dry Tortugas, point count analysesof video images.
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13. Acropora cervicornis, Middle Keys (n=9)
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Distribution, Population Ecology, and Reproductive Biology of
Acropora cervicornis in Broward County, Florida. USA.

Bernardo Vargas-Angel and JamesD. Thomas
National Coral Reef Ingtitute, Nova Southeastern University Oceanographic Center,
8000 N. Ocean Drive, DaniaBeach, Florida33004

During previousresearch by theNational Coral Reef Ingtitute (NCRI) aggregations of staghorn coral
(Acropora cervicornis) werefound distributed along the coastal waters off Fort Lauderdae. These corals
appear to flourish beyond known temperature constraintsand in the midst of significant anthropogenic
stressors. The National Coral Reef Ingtitute has established abasic research program aimed to investigate
aspectsof the population structure and propagation dynamics of this species off the coast of Broward
County. Ongoing studieshavelocated over adozen siteswith conspicuous staghorn coral aggregations.
These occur between 600 and 800 m offshorein approximately 4-6 m depth. Patchesrange between 700
and 7000 m?, and estimates of mean coral cover rangefrom 5 and 30%, with A. cervicornisaccounting
for 87-97% of al scleractinians. Evidence of predation on A. cervicornisat the study sitesisnoticeable,
mainly by thefireworm Hermodice carunculata and the gastropod Coralliophila abbreviata.
Conversely, noincidence of white-band disease or bleaching of A cervicornis hasbeen detected to date.
Histologica examinationshave revea ed progressive gametogenesis, and massrel ease of egg-sperm
bundleswas observed on the night of 6 August 2001, with ahigh proportion of colonies(~70%)
spawning. Additional research interestsincludethe study of disturbance dynamics, namely storm events
and sedimentation. Inlight of the catastrophic demise of A. cervicornisthroughout the Caribbean, the
flourishing population off Fort Lauderda eis perhaps both thelargest and northernmost aggregation of

A. cervicornisinthecontinental U.S.A., and represent apotential source of propagulesto repopul ate/
replenish other previoudy impacted south Floridacoral reef habitats.
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Status of Acropora spp. Populations in
Northern and Eastern Puerto Rican Coral Reefs

Edwin A. Hernandez-Delgado
University of Puerto Rico, Dept. Biology, Coral Reef Research Group, PO. Box 23360, San Juan, PR.
00931-3360. cora_giac@yahoo.com

Background

Acroporid cord popul ations have declined significantly inthe northern and eastern Puerto Rican cord reefs
during thelast three decades. Almy and Carrion-Torres (1963), M ckenzie and Benton (1972), Goenaga
and Cintron (1979), and Herndndez-Del gado (1992) listed the presence of Acroporaspp. in different
northeastern Puerto Rican reefs, whereliving coloniesare now rarely seen or completely absent. For
example, Goenagaand Cintron (1979) informed large monotypic stands of A. palmata on Cayo Largo
(Fgjardo) and Cayo Batata (Humacao), with 90-100% living cover. Theseareactualy longgone. The
stuation of the Acroporidsingenera incritica. Many environmentally-degraded fringing cora reef habitats
along the shoreline of Puerto Rico (i.e., PuntaPiclia, PuntaMiquillo; Rio Grande) show large stands of dead
A. palmata ontheir growing position, which suggeststhat mortality might have been theresult of disease
outbreaksor other biological factor, in possible combination with poor water quality and high sedimentation
rates. Inaddition, therearemany coral reefs(i.e., |9 ote Pdlominitos, Los Corchos Reef, Cayo Dékity,
PlayaL arga; Culebra) which show severe physical destruction of the A. palmata framework asaresult of
the hurricaneimpacts (Goenaga, 1990). Magjor recent destructive hurricanesincluded David (August 31,
1979), Hugo (September 18, 1989), L ouis (September 6, 1995), Marilyn (September 16, 1995), and
Georges (September 21, 1998). It isthecombined (cumulative, synergistic) effectsof natural and
anthropogenic factorswhich have caused thismajor decline.

Althoughthereisamaor lack of quantitative dataregarding the ecological statusof Acroporidsingenerd in
Puerto Rico, | wasableto document the distribution of A. palmata, A. cervicornis, and A. proliferaaong
88 northern and eastern Puerto Rican coral reefsin apresence/absence basis. Information was obtained
fromtheavailableliterature (reviewed by Herndndez-Del gado, 2000) and from recent unpublished
observations. Where possible, datawas compared from previousreportsand/or personal observations
with recent reportsor personal observations. Datawas geographically sub-divided according to
Hernandez-Del gado (2000) into four provinces. northerninshore, eastern inshore, eastern offshore close
(<6 km), and eastern offshoreremote (>6 km). Thisclassificationwasoriginaly based onaBray-Curtis
ordination analysisfor coral species presence/absence datasetsto classify coral reefs(Hernandez-Del gado,
2000).

Results

Thevariationsin thefrequency of observations (presence/absencedata) of thethree Atlantic Acropora
speciesin northern and eastern Puerto Rican coral reefswassummarizedin Table 1. Table2listall of the
surveyed reefs. Acropora palmatawasamajor reef builder in most of the surveyed coral reefs(83-
100%). However, at present it only was documented in 32 to 82% of the surveyed reefsasone moves
across an anthropogenic environmental stressgradient. During thelast three decades, thisspecieshas
disappeared from 68% of the surveyed reefsfrom northern Puerto Rico. It hasalso disappeared from
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53% of the easterninshorereefsand from 32% of the offshore close (< 6 km) reefs. It hasonly
disappeared from 4% of the offshore remotereefs (>6 km).

Asfor A. cervicornis, it wasrarely documented from the northern and eastern reefs. In spite of that, it has
become absent from 100% of the surveyed sites. 1t hasal so disappeared from 43% of the eastern offshore
closereefs. No net changesin thefrequency of observationswas documented from eastern offshore
remotereefs. However, it should be mentioned that, absolutely in al of the surveyed reefsfromthis
province, A. cervicor nis populations have declined significantly dueto acombination of factors (discussed
below).

Asfor A. prolifera, itwasvery rarein all of thefour geographic provinces. It disappeared from 100% of
the northern province reefsand from 60% of the eastern offshore closereefs. It disappeared alsofrom
27% of the eastern offshoreremotereefs. No colonieswereever documented in easterninshorereefs.

Discussion

All of the surveyed cord reefsfrom northern and eastern Puerto Rico are showing unequivoca signsof
declining Acropora populations. A combination of natural and anthropogeni c factorscould have cumula-
tively and/or synergisticaly affected their surviva and distribution. Acuteand highly localized naturd factors
such asWhite Band Disease (WBD) outbreaks, patchy necrosis, and predation by the coralivorous
gastropod, Coralliophila abbreviata, and the fireworm, Hermodice caruncul ata, have been shownto
contributeto the demise of Acropora spp. from Puerto Ricanreefs. High densitiesof C. abbreviata have
been a so documented on coral reefswith only afew isolated surviving coloniesof A. palmata. Inaddition,
long-term natura factors, such asdamselfish (Pomacentridae) territoria behavior has causedincreasing
tissue mortality and the pre-emptive outcompetition of corasby filamentousagae. Also, mgor acute
phenomena, such as hurricanes, have caused awidespread destruction of A. palmata frameworksand of
A. cervicornisthickets. Acuteand highly localized anthropogenicimpacts(i.e., historic cora collectionfor
souvenirs, reef trampling, snorkeling, SCUBA diving, somefishing mehtods) have aso caused amgjor
destruction of corals. Also, severe acute anthropogeni cimpacts have caused mg or destruction of
Acroporaassemblages, including ship groundings (i.e., Los Corchos, Culebrita, 19 ote Palominitos) and
military activities(i.e., Culebra, Viegues). Finaly, mgor long-term anthropogenic degradation of water
qudity (i.e., higher turbidity, lower transparency, higher concentration of nutrientsand solid suspended
material) and higher sedimentation rateshavelargely contributed to theinshore cora reefs Acroporid corals
decline,
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Acroporain the U.S. Virgin Islands:
A Wake or an Awakening?

CarolineS. Rogers*, Barry Devine, and Christy Loomis
* National Park Service (USGS), Carribean Field Station
1300 Cruz Bay Creek, St. John, USV1 00830 USA, Caroline.rogers@usgs.gov

Many shallow coral reefsinthe US Virgindandshad impressive, nearly monospecific standsof elkhorn
coral (Acroporapalmata) inthelate 1970sand early 1980s. A seriesof hurricanesand white band
disease (first noted in 1973 at Buck Idand Reef National M onument) decimated these stands. “ Grave-
yards’ of elkhorn, where detached dead branches of this speciesareinterspersed among dead but
standing colonies, aretill visible. However, at least at somelocationsaround all three of themajor
idands, St. Thomas, St. Croix, and St. John, thereisevidencethat el khorn coral isrecovering.

We have devel oped aprotocol for mapping and ng the condition of elkhorn coloniesbased on
recording GPSwaypointsfor each surveyed colony along with dataon depth, size, presence of disease
and predators, percent dead, etc. Photographs are also taken of each colony, and all dataare entered into
adatabase. The GPSwaypointsare mapped onto geo-referenced aerial photographsproviding
information on spatial patterns. Over time, we hopeto be ableto document if thereisan increasein both
the number and size of the elkhorn colonies. Our work to date hasfocused on elkhorn, although we have
begun to usethe same protocol for A. cervicornis(staghorn). Damselfishterritoriesand possibly white
band disease have been noted on staghorn corals. Whilethe emphasisison the corals, recovery of these
morphologicaly complex specieswill presumably have effectson fishesand other associated organisms
and communities, and these rel ationshi ps should be expl ored.

Preliminary analysisof dataon 279 elkhorn coloniesfrom 5 locationsaround St. John showsthat many of
thecoralsarerdatively small and could have become established since Hurricane Hugo (1989) and
HurricaneMarilyn (1995). Coral-eating snailswere present on about 12% of the colonies surveyed.
About 25% of the colonieswere partialy dead (1 to 85%). No active white band disease was seen.

At Hawksnest Bay, over 300 elkhorn coloniesare growing on onepatch reef. The protocol ismore
difficult to usewhen coloniesarein dense stands such asat thissite. However, the GPS unit can be used
to delineate apolygon around the stand, and at | east some of the desired data can be collected.

Storms, disease, predators, and damage from boats continueto cause elkhorn colony mortality. (On
April 7,2002, an 85’ ferry grounded on areef inside Virgin IdandsNational Park causing extensive
damageto living elkhorn colonies). Although thisspecieshas many mechanismsfor recoveringfrom
physical damage, and fragments can develop into new colonies, itisnot clear that it will be as successful
at recovering from the current assault froman overal, unprecedented combination of stresses(including
predation and disease).
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Acropora palmata: Historical Status, Extent of Decline,
and Projection for Recovery, on St. Croix Reefs

William B. Gladfelter and Elizabeth H. Gladfelter*
* Marine Policy Center, Woods Hole Oceanographic Institution
Marine Policy Center, #41, WoodsHole, MA 02543, egladfelter@whoi.edu

Thedistribution of Acropora pal mata-dominated reefson the St. Croix shelf during themid-1970sis
summarized. Thesereefstotaled nearly 10 sg. km. inarea. Surface coverage (defined as% of projected
planar surface area) exceeded 70% in someareas (e.g. theforereef of Buck Idand). Inthiszonetherewere
actually severa m? of live coral tissue per m? of reef dueto thelayering of branches. By the mid-1980s
white band disease (WBD) had devastated populationsof A. palmata everywhereon St. Croix, and
surface coverage had decreased to amaximum of afew percent, but waslessthan 0.1% in many aress.

Following demise of the A. palmata populationfromWBD, astudy wasinitiatedin 1988 ona200sg. m
guadrat onthe eastern forereef of Buck Idand to monitor individual coral coloniesand to observeinitial
stagesof recovery of the A. palmata population inthe previoudy densely populated reef zone. Thisstudy
plot was subsequently monitored in 1991, 1996 and 2002. In 1988, the population of A. palmata inthis
plot, athough enormously reduced, had 5% surface coverage. It appeared to be healthy, recovering from
destruction, and no WBD diseasewas observed. Hurricane Hugo in 1989 caused further reduction of the
population to 0.8% in the study plot. Post-Hugo recruitment of A. palmata wasfirst observed onthe
northeastern reefsof St. Croix in 1992, where numerous 10-15 cm high A. palmata col onieswere
observed on Prtzl Reef. Nineformer A. palmata-dominated reef siteswere surveyed in March 2002 to
ascertain present coverage and recent recruitment of A. palmata, and where dataexist, compared to prior
coverageduring the 1970s, 1980sor 1990s. Size-frequency distributions, densitiesand % (planar) surface
cover weredetermined for four of thesesites: % surface cover ranged from <0.1% for south shore
forereefsto 1.4, 2.4 and 3.6% cover for three north shorereefs. The population structure, including the
presence of recent recruits, aswell asthe healthy appearance of the colonies suggest young, healthy and
actively growing populationsof A. palmata onthe north shorereefsthat, barring devastation by storms,
predators, or disease, appear to beontheir way to recovery.
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The Demise of Acroporain the Caribbean: A Tale of Two Reef Systems

W.F. Precht* and R.B. Aronson**
* Ecological SciencesProgram,PBS& J, 2001 NW 107" Avenue, Miami, FL 33172
**Dauphinldand SealL ab, 101 BienvilleBoulevard, Dauphindand, AL 36528

Over the past two decades, cord reefsin the Caribbean have changed dramatically. Reef-building corals
have declined, and the cover of fleshy, noncoralline macroa gae hasincreased. Many authorshave argued
that theloss of herbivores hasbeen the cul prit in the community shift, while othershavecited reef
nitrification. Itisour contention, however, that coral mortality especialy themortality of the Acroporaisthe
crucia precursor to macroalgal dominance. For example, ten yearsafter Hurricane Hattie devastated reefs
from northern Belizein 1961, the oncelush coral community wasreduced to alayer of coral rubble covered
by fleshy macroalgae. Thiswasidentical to the pattern observed on Jamaican reefsmorethan 20 years
after the passage of Hurricane Allen (1980). 1nJamaica, mortality of the Acropora was caused by storm-
induced fragmentation followed by collateral mortality related to predation and disease. At researchsitesat
Discovery Bay on the Jamaican north coast, coral cover hasfallen from>50%inthelate-1970'sto <5%
today, whilemacroalgal populationshave risen from near 0% to >60% during the same period.

Acropora cervicorniswasa so the dominant space occupier at intermediate depthson thefore-reef (8-20
m) along the central portionsof the Belizean barrier reef from at least asfar back asthe 1960’ suntil the
mid-1980's. Subsequently, A. cervicornis populations collapsed due primarily to mortality associated with
white-band disease (WBD). At Carrie Bow Cay thelocation of the Smithsonian coral reef research station,
coral cover dropped from 30-35% inthelate 1970'sto 12-20%inthe 1990's. Theselosseswere
followed by concomitant increasesin macroagae (<5%in 1980 to >60%inthe early 1990's). Populations
of A. palmata have been decimated on these reefsfrom WBD aswell.

Combing these ecological datafrom Jamai caand Belizewith other reef areasfrom throughout the
Caribbeanreved smilar lossesin Acropora dominated communitiesduring essentially thesame period. On
aregiona-scale, themassmortality of Acroporid coralsdueto avariety of factorsand especially WBD has
beenlargely responsiblefor the present increasesin macroalgae. Thesewidespread biotic disturbances,
which aredtill activetoday, have diminished cora populations, thereby opening spacefor colonization by
agal species. Theseobservationshighlight theprimacy of coral mortality in general, and diseaseinduced
mortally of theacroporidsin particular, in changing theface of Caribbean Reefs.

Thesedataa soindicatethat no form of local stewardship or management could have protected these
Acropora dominated reef systemsfrom these disturbances or changed the overall trgectory of cora loss.
Itisbecomingincreasingly moreapparent that regional- and global -scale causes of reef declinearemost
important in structuring modern reef communities. Understanding the causal link between global changeand
reef demiseare some of our most pressing ecological challengesfor thefuture.
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Status of Acropora Species on the Leeward Islands of the Netherlands Antilles
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(2) Caribbean Institutefor Management and Research of Biodiversity, Piscaderabaal z/n, PO.Box 2090,
Willemstad, Curacao, NetherlandsAntilles

(3) University of Amsterdam, IBED, PO.Box 94766, 1090 GT, Amsterdam, the Netherlands

(4) NetherlandsInstitutefor SeaResearch (N10Z), PO. Box 59, 1790 AB Den Burg, Texd, the
Netherlands.

TheLeeward Idandsof the Netherlands Antilles comprise Curacao and Bonaire (12° 15’ N, 68° 45’
W). Theidands measure 445 and 288 km? respectively and possess a sheltered south coast and awind-
exposed north coast. The oceanicidandslie 60 km off the coast of the South American mainland.
Industrial development and immigration resulting in overpopulation during the 1970’ simposed agreat
pressure on Curagao’sterrestrial and marineresources. Thereefsof Curagao areoverfished asfishisa
cheap source of nutrition. Bonaire remained free of such devel opmentsand presently dependson
(eco)-tourism (i.e. diving tourism) asthe main source of income. A currently effective marine park was
established in 1979 protecting the reef to adepth of 60m.

Acropora speciesformed dominant constituents of the shallow (<10m) reef faunaand werefound the
entire southwest coast of both Curacao and Bonaire until the 1981 massdie-off (VanDuyl 1985, Bak and
Criens, 1981). Thestudy by VanDuyl (1985) consistsof aninventory of the benthic community alongthe
south coastsof bothidand at asmall spatial resol ution (<1m?) and therefore providesan excel lent
referenceto quantify the decreasein Acropora cover over thelast two decades. In 1980/1981 when the
surveysfor thiswork were carried out, Acropora species covered 7.94x10°m? of the reef bottom
between 0 and 10m, which correspondsto 15.1 % bottom cover of the shallow reef terrace. Comparing
these datawith our observations made during thelast four years, we estimated the declinein Acropora
standsto be more than 98%. L ocal patchesremain, however, where Acropora patches occurredin large
stands covering the entire shallow reef terrace as dense bands (>20m width). These populations occur at
exposed sites(i.e. the shoreline faces southeast, which isthe direction from which refracted waveshit the
idand). Theimportance of water-movement for Acroporaisalso indicated by the north-south gradient
that existsin the depth distribution of A. palmata. Towardsthe south exposureto increased water-
movement caused (1) coloniesto movetowards deeper water and (2) branchesbecomethicker and
morerobust. At extremely exposed sites(i.e. the most easterntipsof theislands) A. palmata colonies
occur asthin sheetswith small branches(<30cm) rising fromitssurface.

Especialy on Bonaire small patches (<60m?) of A. cervicornisoccur which seemto beableto survive
dueto fast growth sincethey still suffer from white-band disease. Recruitment of thelatter speciesis
observed (> 4individuasm?) at afew locations cleared by tropical storm Lenny in November 1999
providing solid substratumto settling planulae. The same storm damaged A. cervicornis stands at other
sitesaround thisisland. On the north coasts of both islands enormous patches of A. palmata (> 1000m?)
arefound and colonies seem unaffected by diseasesor highlevelsof partia mortality (e.g. BocaPatrick).
If A. cervicornisisalso present the supposed hybrid A. prolifera (VanOppen et al. 2000) isfrequently
observed.
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Acropora popul ations have decreased enormously over thelast two decades and decline occurred at sites
that suffered fromincreased industria pollution and sitesreceiving oceanic water. The occurrence of
populationsthat do well (i.e noticeabl e recruitment and absence of diseases) showsthat thesereefsareyet
not degraded beyond the point-of-no-return. Thisindicatesthat the Acropora population at the L eeward
Idand of the Netherlands Antillespotentialy harbors unexpected adaptive (genetic) variation, which
allowedthem, at least partialy, to survivein the present day situation.
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Status of Acroporid Populations in Colombia

Jaime Garzén-Ferreiraand Juan Manuel Diaz
INVEMAR, SantaMarta, Colombia

According to arecently published baselinestudy of coral reefsin Colombia(Diaz et al., 2000), thetotal
extension of recent coral formationsin Colombian maritime areas, both in the Caribbean and thewestern
Pacific, isabout 1,090 km?, of which morethan 99% are placed in the Caribbean. Inthelatter, only 1/3
of the cora reefsarefound along the continental coast and shelf, most of them surrounding the offshore
islandsof thearchipelagosof San Bernardo and Rosario. On the other hand, 2/3 of Colombianreefsare
found in the oceanic archipelago of San Andrésand Providencia, inthe southwestern part of the
Caribbean, off the continental shelf of Nicaraguaand Honduras. Here, coral formationscomprisetwo
barrier reefs surrounding thetwo magjor idands, fivelargeatolls, and severa cora banks. Accordingto
Geister”stypical ecological zonation of Caribbean reefsbased on wave exposure zones, whichincludesa
zone dominated by Acropora palmatain the highly exposed areas and an A. cervicornisdominated zone
in medium exposed areas, the base line study estimated thetotal extension of A. palmata- dominated
reefsin about 28 km?(2.6% of thetotal coral reef extension) and that of A. Cervicornis- dominated reefs
inonly 0.8 km? (0.07%). However, therel ative cover of living tissue of both speciesintheir respective
zonesisvery variablefrom areef areato another, ranging from nearly 90% in afew scattered patchesto
lessthan 15% inthemajority of reefs.

Many of the Acropora dominated reefs, asthey were described inthe 1970 sfrom San Andrésand
Providenciaare currently reduced to cemetaries of broken skeletons covered by algae. Thedeclineof
A. cervicornisinthisareahas been estimated at 99% in the course of thelast three decades, and that of
A. palmata at about 75%. Evenworseisthesituationinmost reef areasal ong the continental coast. In
someareaslikethe San Bernardo and Rosario |dlands, the decline of both specieshasattained levelsof
nearly 100%. Only inafew aresas, such asldaArenaand in some bays nearby SantaMarta, scattered
small patchesor isolated thicketsof Acropora exhibit living cover over 50% and show even signsof
recovery after the widespread mortalitiesoccurred in the course of thelast decades. The occurrence of
scattered living thickets of A. prolifera hasbeen recordedin several placesin the Colombian Caribbean,
in both oceanic and shelf reefs. A singlerecord of A. valida from Gorgonaldand off the Colombian
Pacific coast hasnot yet been corroborated but, according to Glynn & Ault (2000), although therecord
may have been valid, this species appearsto be now extinct inthe eastern Pacific.

Two detailed studies about the status and heal th of Acropora reef habitats have been performed very
recently inthe Colombian Caribbean. One of them was carried out in May-December 2001 at several
baysof the TayronaNatural Park (TNP; central part of the northern coast of Colombia, continental
reefs) and included mapping of al Acroporaformationsaswell asassessmentsof their current
composition, cover, health, and growth rates(Moreno-Bonillaet a, 2002.). Theother evaluated only

A. palmata populationswithin different geomorphological unitsof the San Andrésidand reef complex
(SAl; southwestern Caribbean, oceanicreefs), inJanuary 2002 (Ruedaand Acosta, 2002). Preliminary
analysisof theresults show that cover of reef surfacesat both A. palmata and A. cervicornisformations
of the TNP arenow strongly dominated by al gae (means80.6% and 79.4% respectively), whilemeanlive
coverageby these coralsisvery low (9.9% and 5.1% respectively). Average cover of live A. palmatain
SAl isgreater (14%), with ahighest mean vauein thefore-reef terrace (19%) and thelowest inthe

150



lagoon terrace (5%). Inthe TNPtheratio of live:dead cora isabout 1:14 inthe case of A. cervicornis
and 1:7 inthe case of A. palmata, based on cover estimates. This relationship isabout 1:2 for

A. palmatain SAl, based on volume estimates. Live populations of A. palmata and A. cervicornisinthe
TNP show ahighincidenceof partial mortality(29.7% and 58.8% respectively), Segastes planifrons
territories (55.8% and 58.1%) and Coralliophila abbreviata (22.3% and 51.2%). White pox diseaseis
also frequent (18.1%) therein A. palmata, whilea gae overgrowth (72.5%) and fragmentation (54.4%)
arecommon conditionsin A. cervicornisaswell. Partial mortality in SAl isfound affecting about 2.7% of
the A. palmata tissues, associated in part with bleaching, white pox disease and white patches. Linear
growth estimatesin healthy coloniesof the TNPresulted in meanratesof 7.52 cm/year for A. palmata
and 9.62 cm/year for A. cervicornis.

All three Caribbean Acropora species have been listed recently in the“red book™ of threatened marine
invertebrates of Colombiaby atechnical commission coordinated by the Ministry of the Environment
(Mgiaeta., 2002). Acropora cervicorniswas considered asacritically endangered speciesin
Colombia, while A. palmata wasincluded asendangered, and A. prolifera asvulnerable, according to
the [UCN categories.
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Status of the Acroporid Coral Speciesin the Dominican Republic

Francisco X. Geraldes
Centro de Investigacionesde BiologiaMarina, Universidad Auténomade Santo Domingo,
SantaDomingo, Dominican Republic

Description of Coral Reef Areas

Most cord reefsof the Dominican Republic arefringing reefs. Thereare asotwo barrier reefs, numerous
patch reefs, and four large offshore banks. 1nthe eastern and northwestern coasts, broad coasta
shdlowsplatformswith barrier reefsarefound, whilein other placesterrigeneous sediments produce high
turbidity that preventsreefsfrom forming or growth. Theincreasing coastal development, pollution,
untreated wastewater dischargesand beach erosion haveimpacted living reef sites. Following isareport
onthestatusof Acroporid speciesinthe Dominican Republic.

OffshoreBanks
TheSilver Banks, Atlantic Ocean.

Thisisashalow oceanicriseextending 3,740 km2. Init’'snorthern portion abarrier reef hasformed,
composed of aseriesof patch reefsbound together near the surface, and extending some 30 km
southeasterly. Onits protected side, corasgrow in column-like structures of cemented skeletonsthat
ascend from the rubble and sandy bottom to the surface some 15 to 25 m upward. A. palmataisfound
occupying thetop portion of these columns, aswell asinthereef downto6m. TheAcroporidsfound
herearein bad conditions. Thereef crest panoramaisof askeletal web of dead coloniesof A. palmata.
In placesduring 1984, there used to belarge colonies of A. palmata (3 mtall), and dense growth of A.
cervicornis, thereisnow rubble groundsaround dead stands of palmatas. Turf agae, Rhodophytes, as
well as Cyanobacter complex, and encrusting boring spongesgrow ontop of theseremains. The
recuperation of acroporidaeinthisreef isslow. In 1994 reportswerereceived that A. cervicorniswas
budding, aswell astheblack seaurchin Diadema antillarumwas reappearing.

Par queNacional Montecristi Barrier Reef

Located inthe northwestern coast, it isthe largest reef of the country with 64.2 linear km. Thecoastis
low-lying mountainousterrain of sedimentary origin, inadry climatesetting. Theshordineisamost dl
covered with red mangroves, followed by seagrassbedsand several pocket beaches. Thissettingis
protected by abarrier that variesin distance from shore (200 mto 3,000 m). Thereef settingisvaried,
with highrelief featuresand largeliving coral coloniesarecommon with Sizesexceeding 10 min diameter.

Reef Lagoon

Cord patches (5to 800 m2) arefound with soft coral, associated mainly with Montastraea annularis
complex and other rounded forms. Here A. cervicornisthrives.

Reef Flat and Back Reef

In areascloser to tidal channelsthe dominant speciesare Porites sp., and rounded forms. Nevertheless,
A. cervicornis, A. palmata, and Millepora complanata are common.

Reef Crest

Skeletal remainsof acroporids, poorly lithified, form thereef crest. A few young A. palmata can be
found, but Millepora sp. isthe dominant species. On the seaward sidethe basal structure of thecrestis

formed by large skeletonsof A. palmata and A. cervicornis.
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Outer Regfs

In exposed aress, thereis evidence of alower Palmatazone consisting mostly of large dead coloniesof A.
palmata. To deeper waters A. cervicornisisalso foundin good shape, growing intidal channelsthrough-
out theextension of theresf.

PuntaRucia OffshoreKeys

Thesekeysareaway from any terrigenousinfluences and freshwater discharges. Inthe breaker zonethe
dominant speciesfound hereare A. palmata, Millepora sp., Montastraea annularis complex, and
Diploriastrigosa. Onthefrontal reef at 12 m depth, adiverse coral community can befound were A.
pal mata stands among other species

Reefs Along the Reef Terraces of the Dominican Republic, (Atlantic Ocean)

Most of the coastlineareaarefacing the easterly trade windsand itsoceanic condition. Thelittoral zone
dropsabruptly to deeper waters (2-10 m). The bottom iscomposed of eroded carbonate rocks, coversby
encrusting algae, and speciesadapted to harsh environs. The cora growth caninclude A. palmataforming
amall patches  Inthe deeper sandy areas, small patchesof A. cervicorniscan befound. Most of thesites
visited have presented these species coming back in association with healthy Diadema antillarum
populations.

Fringing Reefsof Dominican Republic, (Atlantic Ocean)

Thetraditiond land use hasbeen agriculture. Recently tourism hasincreased coastal settlements near reef
sitesand beaches. The predominant reef structuresare cora patcheswith low cover and few living corals.
Thefew fringing reef of A. palmata and Poritessp. arenow affected A. palmata skeletal arefound
covered with a gae and sediments. Millepora sp. has since dominated the breaker zones. Nevertheless, the
acroporidsinthedeeper water arestill healthy. Another typeof coastal featureisof intrusveigneous
mountain dopesand terraces. Theclimateisvery humid; theforest cover hasturned into agricultural fields.
Thereefshereareof thefringing typevery closeto shoreand in shallow waterswherereef patchescan be
found. These are composed of skeletal remainsof A. palmata covered by algae and sediments. On outer
reefs, approximately 5 miles offshore shoa s (15 m deep) of eroded carbonateterraces arefound, with few
corals species, but no acroporids.

Reefsat the M ona Passage of Dominican Republic

Inthe east facing the M ona Passage, isthe Bavaro-El Macao-PuntaCanaBarrier Reef System, extending
almost continuoudly for 60 km. The coastlineis sandy, followed by mangroves, coastal |agoons, and
swamps. Thereef lagoon can be aswideas 3.5 km (2-5m deep) and typically has coral patchesand
seagrass beds. In the back reefs Porites sp., rounded formsand A. cervicor nisare common Species.

A. palmata skeletons covered with algaein association with Millepora sp. dominatesthe windward side of
the breaker zone, whichisnarrow and stegp. At 4 m, there arelarge dead stands of A. palmata aswell as
large boulders of Montastraea annulariscomplex, and Diploriasp. Insomesites, the breaker zone can
be narrow and composed of very large compacted skeletons of A. palmata wherealgal cover ishighand
few livecorasare present.

Reefs of Parque Nacional del Este

Thereefsof thisprotected areaarebasically low relief systems, found either asfringing and small deep (20-
30 m deep) patches. Most of them areintheleeward side protected by alandmass of Pleistocene and
Recent reef terraces.
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Fringing Reefs

At the 10 m contour the bottom is covered with skeletons of A. palmata which project to the surface. At
thereef creststherearelive coloniesof A. palmata, A. cervicornis, M. complanata, and rounded forms.
Sporadic coral congregationsturn the narrow reef flat and convertsitself into an Acropora - Montastraea
zone, forming the breaker. The acroporidsin the breaker zonesarenot very healthy mainly dueto recent
storms. At depth > 3 m, therearelarge colonies of A. palmata, in varying health conditions.

L ow Relief Spur and Groove Communities

Hereitiscommon tofind large dead colonies of A. palmata, and underneath them, some broken branches
with new growth. Thepresenceof D. antillarumisnoticeable. Inseveral placesnew growth of
A. cervicornisiscommonly found.

Reefs of Parque Nacional del Este
Hard Bottom Car bonate Reef Flat Communities

Intermsof diversity, they aredominated by turf and brown al gae, and/or aco-dominated by algae and
coras. Thecorasaremorediversein these communities, with 12 species, the most common being
A. palmata, Diploria clivosa, Porites astreoides, and Porites porites.

Patch Reef Communities

Thesearelocated in protected waters on the western portion of theleeward side or insidethe Catuano
Passage, protected by thefringing reef andit’sreef crest. InsomecasesA. cervicornisisfound. Large
(>2mdiam) coloniesof A. palmata that serve asbase structurefor other speciesto settle are also found.

Fringing Reefs of the Souther n Pleistocene Reef Terracesof the Dominican Republic (Caribbean
Sea)

The southern coast hasfour major coastal features. Pleistocenereefsterraces, medium sizeriver estuaries,
shdlow carbonates platforms, and terrigenous substrates. Reef formationscan only befoundintheshalow
carbonatesplatforms, forming fringing systems. Inthelate 1980's, most of thefringing reefsassociated with
sheltered white sandy beaches have been used by thetourism industry and its secondary devel opment,
altering thenatural settings. The breaker zone of these areasisvery stressed andisnow largely formed by
dead loose remains of A. palmata and rounded forms covered by turf algae and sediments. Thelower
Padmatazone hasa so been affected recelving large amounts of sedimentscoming fromtheheavy activities
that occur at the beach and lagoon regions of thereefs. At deeper sites(12 m), thereef isin good shape,
including theacroporidsfound there.

Fringing Reefsof the Pleistocene Reef Terracesof the Dominican Republic (Caribbean Sea)

At the spur and groove formationsin the base of the breakers zones (4-6 m deep), large colonies of

A. palmata and Montastraea annularis complex still dominates, surrounded by several other species.
Approximately 30% of the A. palmata (at Boca Chicasite) withstood the Acroporid mortality event.
Nevertheless, the seascape seems catastrophic, finding pieces of corasencrusted with algae and sponges
littering the bottom. Between all this, small coloniesof A. palmata appear. 1ndeeper waters, at 20m, a
striking growth of A. cervicornisand other species can befound.

Fringing Reefsof the Terrigenous Souther n Coast of the Dominican Republic. (Caribbean Sea)

Inthe sedimentary looseterrainsthiscoastsliesinadry climate setting, but severd medium sizerivers
dischargeintheregion. Sincemid 1980's, agricultura irrigation programshavealtered thisnatural setting.
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Placeswerereef developed, now have been transformed into estuarine zones. Watersareloaded with
agricultural by-products, pesticidesand fertilizes, aswell ashigh with sediment loads. Thissituation has
practically eliminated all of the standing live coralsand reefsin theregion. It isnow raretofind living stands
of A. palmata and A. cervicornis. | salso suspected that conditionsfor therare Acropora proliferaare
now gone. (Puerto Vigjo reef isone of afew siteswereit hasbeen reported for the Dominican Republic).

Par queNacional Jaragua

Parque Nacional Jaraguais|ocated at the southwestern portion of the Dominican Republicinvery dry
climate. Noriversor surface runoff isfound in these Pleistocenereef terraces. Onitsleeward coast,
protected by high cliffs, sheltered long and white sandy beachesare common, followed by consolidated
hard carbonate substrate where coral cover and density ishigh. Thereisnot awell-developed fringing or
bank reef in most of the zone, A. palmataisnot acommon speciesin this settings.

Development, Sedimentation, and Water Quality

It hasinflicted mgor changesinthereef setting dueto: deforestation, coastal urban development, dredging,
agricultureirrigation projects, industrial devel opment, and wastewater deposition without trestment.

Coral bleaching, massmortalities, and other stresses.

There has not been acountrywide study of bleaching for the Dominican Republic. However, reportsof its
occurrenceismore evident at thereef sitesnear mgor urban settlements, aswell asthosereefswhich are
more heavily visited or over fished such as: Puerto Plata, Sosla, Las Terrenas, Macao, Bavaro,
Guayacanes, BocaChica, and LaCaleta. Themass mortalitiesof A. palmata and Diadema antillarum
werereported, ashavebeenrareoccurrence of coral and octocoral diseases.

Hurricanesand tropical storms.

Hurricanesand tropical stormsarenatural eventscommonin Hispaniola. There have been morethan 200
of these eventsrecorded sincethe 15th century. These phenomenaare more common for the Caribbean
southern coast, rarely affecting the Atlantic coast. Nevertheless, all major reef siteshave been affected by
at least one of theseevents.

Overfishing

Overfishing isbelieved to be one of themgjor causesthat has prevented the comeback of Dominican reefs.
Overharvesting of commercialy important species such as Strombus p., Panulirus sp., and fishesof the
Serranidag, L utjanidae, and Scaridaefamilies, isevident. Lately, there hasbeen anincreaseinthe harvest-
ing of other reef creaturessuch asblack corals, hermit crabs, ornamenta reef fishes, starfish, seaurchins
and liverocksfor the souvenir and aquarium trade. In theselater casesit hasbeen introduced the use of
chemical substances such as Clorox bleach, among othersto harvest the ornamental species. Thisis
affecting the coralsand other non-target speciesaswell.

Recent L egislation

Mogt of theactivitiesrelated to non sustainablefishing practices, aswell asindustrial, agricultura and rural
development, mentioned above, have been either prohibited or regulated by the recently promul gated
Environmenta Law 64/00 and severa Presidentid Decrees. Neverthel essthe marine ecosystems
management isnot receiving the sufficient financia and political support needed to support and implement
themandates and policies, enforcement and education.
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Status of Acroporidsin the Mexican Atlantic

Eric Jordan-Dahigren
Laboratorio de Arrecifes Coralinos
Estacion Puerto Morelos, ICMyL, UNAM
Ap. Postal 1152, Cancun 77500, Q. Roo. MEXICO

Foreword: | havehadtheluck tobeabletovisitmost, if not al, of thereefsinthemexican Atlantic at least
twiceinmy coral reef researcher career, some 20 yearsnow. Thisallow meto havean spatia overal view,
but also someideaof trends, as comparative assessment of coral community structure has been one of the
maintoolsof my work. | haveto said this, so that you would be able to understand the background from
wherel am expressing my viewsregarding Acroporids statusin Mexican reefs.

Coral Reef Distribution:

Coral reefsin México can beroughly grouped in three setsat the geographical scale: 1) SW Gulf of México
reefs; 2) Campeche bank reefs, and 3) Caribbean reefs.

The SW Gulf reefsare closeto shore (from 0.5to 11.7km) and comprisethree main reef sets (Veracruz-
Anton Lizardo, Tuxpan and Idal obosreefs; Fig. 1) forming clustersof relatively proximal reefs; rising from
depthsof 25 to 35m and with shallow lagoons. Thesereefsare strongly influenced by largeriver discharges,
carrying largeamounts of suspended sedimentsand awidearray of pollutants. Campechebank reefsare
well-devel oped i solated banks|ying 80 to 130km offshorein an oceanic climatefar fromterrestria
influences. Morphology among al thesereefsvarieswidely. Along the Mexican Caribbean “ extended
fringing reefs’ (barrier -ikereef tracts separated from the coast by awell devel oped, but shallow lagoon)
dominatethe continental margin and thelargest atoll-like reef inthe Caribbean: Chinchorro reef isfound on
the southern section. Continental influence upon Caribbean reefsisnegligible becausethe Yucatan peninsula
isakargtic platformwhereriversare mostly absent.

Acroporidsdistribution in theMexican Atlantic:

Acropora palmata, A. cervicornisand A. prolifera are pan-Caribbean species and can be found any-
whereintheregion. Thissectiontherefore, addressesthereef areasor reef structures characterized by the
ampledominanceof any of these species.

1) SW GULF OF MEXICO REEFS

Most reef inthe Veracruz-Antén Lizardo reef system (southernmost SW Gulf reefs), had an extremely well
developed Acropora palmata belt in the shallow windward forereef zone, from thereef crest downto 5 or
6m. Such beltswere composed by monospecific, dense and continuous stands of very large colonieswitha
growthformtypica of relatively high-energy environments. Northward, at Tuxpan reefsthese A. palmata
beltsdecreaseinimportance, although arestill present. At Idal obosreefs the belts disappeared, and
mostly scattered A. pal mata col onies dominate the shallow, windward forereef.

Intheleeward margin of many of thesereefsvery extensive bedsof A. cervicorniscould befound, aswell
asinsome shallow protected aress.

156



Mortality:

Aroundtheearly 1970"sextensive mortaity inthewindward A. palmata beltsand the leeward beds of
A. cervicorniswasevident by themid 1970’ smost of these colonies, if not al, havedied. Their skeletons
remained in Situin standing position.

Actual Status(Recovery):

Recovery isvery limited, restricted to ends of reefsby the early 1990, but occurringin most of the SW
Gulf reefs(Jordan-Dahlgren, 1992). Interestingly A. pal mata recovery occurred mostly by “re-sheating”
of new tissue over standing skeletonsof the same species. This process consist of new tissue growth over
large areas of adead skeleton, without producing new branches, actually re-sheeting the old skeleton.
Apparently, it happenswith both surviving tissue (re-growth in thiscase) inamostly dead colony and/or
when asexual propagulerecruitsto the dead skel eton (Jordan-Dahlgren, 1992). A phenomenon that we
havewitnessed in many instances afterwards.

By theyear 2000 recovery isstill relatively minor in these reefs, and asubjective estimation would bean
increaseontheorder of 3to 5% inliving A. palmata cover, with highlocal variability. In Tuxpanreefs
recovery had been apparently morewidespread than at Veracruz-Anton Lizardo, but unfortunately locals
had been extracting many of the new small coloniesfor souvenirsand trade. Recruitsthat undergo re-
sheating arelessaffected by thispractice.

2) CAMPECHE BANK REEFS:

A. palmata and A. cervicornisareimportant speciesin the shallow exposed and protected areas of
most of thesereefs. Logan (1969) describes massive stands of these two speciesin many Campeche
bank reefs. My personal observationsindicatethat A. palmata formed belts (asdescribed above) mostly
inthe semi-protected northern, and at timesalso, in the southerntip of thesereefs. In protected areas

A. palmata formsmany inner and at timeslarge patch reefs. The eastward shallow forereef hasbeen
mostly barren of Acroporidsduring my observations. Alsoin protected aress, either inner or leeward,
very extensive standsof A. cervicorniswerecommon, from 25 to 30m deep to very shallow areas, even
inthereef flats.

Mortality:

At an unknown period most of the A. palmata and A. cervicor nissuffered massive mortalitiesin these
reefs. The A. palmata skel etons have remained mostly in situin standing position, but the A. cervicornis
bedsare now mostly gravel deposits.

Actual Status(Recovery):

Recovery is dill limited, but evident in many reefs. We have quantitative datafrom 1995 and 2001, for
two separated Campechereefs, and clearly A. palmataisrecovering at good rate wherever it occurs,
both by re-sheeting and by new colony recolonization (dataisstill being processed). Recovery isnot
homogeneousin reefsareasor zones, instead ishighly patchy. A. proliferaisrelatively abundant in some
shallow areas of thesereefs. A. cervicornisseemsto recover more slowly than A. palmata.
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3) CARIBBEAN REEFS

A. palmata dominatesthe shallow reef environment along thereef tract. In many areasA. palmata reefs
arehighly conspicuous, likeinthe Siyan Ka an biospherearea (Jordan-Dahigren at al. 1994). But the
conditionand extent of the speciesstandsvarieswidely (Jordan-Dahlgren, 1993). A. cervicorniswas
relatively abundant in the shallow protected areas along thereef tract some 20to 15 yearsago, butisa
rare speciesnowadays. A. proliferaisnot common, although at placesisrel atively abundant.

Mortality:

Fromthe 1970 sto thelate 1980 s A. palmata and A. cervicor nis suffered massmortalitiesin the
mexican Caribbeanreefs. A. palmata however, wasnever massively destroyed asrelatively large areas
of hedlthy standsalternated with areas of total mortality. Particularly inthe central and southern parts of
thereef system. Thisisin contrast to what may to have occurred in the Campeche Bank and SW Gulf
reefs, wherethe A croporids demisewas overwhe mingly uniform. Inthe NE section of the coast
A. palmata survived quitewell, but no so A. cervicorniswhoseformer large stands have disappeared
fromthetimebeing. In 1988 thevery large Hurricane Gilbert (also class V) landed in the NE coast and
destroyed most of the Acropora stands.

Actual Status(Recovery):

We only havereliabledatafor the NE Yucatan coast. But it now showsafast pace of recovery after a
long period (3to 4 years) of no apparent recovery. Recovery istaking placeinahighly patchy pattern
wherere-sheeting dominatesrecovery of old standsand by new colony colonizationin many areaswhere
prior to Gilbert hurricanetherewere no A. palmata stands (Jordan-Dahlgren and Rodriguez-Martinez,
1998). Other areasthat used to haveluxurious A. palmata stands, are still large piles of rubble, withno
signsof recolonization. A. cervicornisisasobecominglessrare, but still isin aphase

DISEASES:

Although recovery intermsof Acroporid cover seemsto bewell underway in somereefs, isstill too early
to addressif full recovery intermsof dominanceand covered reef areawoul d be achieved anytime soon.
Disease may slow therecovery process (white- band disease may be responsiblefor the demise of
Acroporainthe Caribbean), asmany of the new colonieshad signs of diseases such aswhiteband and
some col onies show necrotic patches (Rodriguez-Martinez et al., 2001). Dataarestill being collected
and processed, but | may say now that at somereef sites, diseases are having aserious popul ational
impact intherecovery process, whereasin othersthe effect seemsto bereversibleand still in othersis

negligible
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Fig. 1 Map showingreef localitiesinthe Mexican Atlantic
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Mapping Marine Populations

Barry Devine, Ph.D., Chief Scientist; Christy Loomis, DataManager
Conservation Data Center, University of theVirginldands
and
CarolineRogers, Ph.D.
Marine Ecologist, United States Geologica Survey, Virgin [dandsBiosphere Reserve

L andscape pattern analysisof thedistribution of biologica populationsand community typeshasbeen
well developed for terrestrial mapping for sometime. Global Positioning Systems (GPS) areused
routinely to provide accurate maps and locations of point and polygon featuresthat can beimported into
aGl Splatform. The principles of landscape ecology and the study of ecosystem structure and change
are being explored to understand thelink between landscape pattern and ecosystem function. Inthe
marine environment, mapping popul ations of organismsand understanding seascape patternsare
considerably moredifficult asaresult of technical, equipment, access, depth, and visibility problems.

Thispresentation will describe asimple new Surface Water GPS methodol ogy for mapping shallow
reefsand near coastal speciesdistributions. A group of partner agenciesintheVirginIdands; UVI,
USGSand NPS, haveworked to develop alow tech method of geo-referenced mappingin coasta
waters. Thistechniqueispresently being used to map thedistribution of Acroporid species, including
size, depth, snail predation, diseaseand % live cora cover.

Using exigting technol ogy and adapting it to marine circumstances, highly accurate population
distribution maps can be overlayed on digital imagesand benthic habitat maps creating thefirst maps of
marinepopulations. A Garmin 12X L GPSunit placed inside an Aquapac waterproof case and attached
toasmall kickboard float istowed by asnorkeling swimmer. After |ocating aspeciesof interest, amark
ismadefor aGPSwaypoint and saved. Other field personnel record adigitd still or videoimageand
dataabout the colony isrecorded on astandard field sheet.

After collecting both waypoint and track positions, the GPSisbrought to the officewhere thetrack and
waypoints are downloaded, converted to atextfile where datafields are added and then convertedto a
dbf filefor import into Arcview GIS. Thismethodology opensanew approach to marine mapping by
providing position datacapabl e of being used at the scale of thelocal populationto track change or
recovery over time.
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“Unprecedented” Acropora Die-Offs. 6,300 & 3,000 ybp

DennisHubbard,
Dept. of Geology-Oberlin College, 52 W. Lorain St. Oberlin OH 44074

INn 1992, Jeremy Jackson observed that Pleistocene coral reefsexhibited general spatia stability. Incontrast,
monitoring and anecdotal observationshave documented short-term variability and declinein reefsover
recent decades. Theresultisanincreased interestinthefossil record asa*® pre-anthropogenic” frame of
referencefor conditionstoday. Proposalsthat recent disease outbreaksare* unprecedented” and largely
anthropogeni cally induced are becoming increasingly common. Thisposition requiresthreeassumptions.
First, changesin reef-community structure over periodsof decades (i.e., monitoring records) can be
identifiedinthefossl record. Second, spatia continuity of speciesand reef zonesinthe Pleistocenereflects
uninterrupted tempora stability. Finaly, examplesof community disruption onthe scaeof therecent
decimation of Acropora by white-band Disease do not exist in the Holocenerecord.

Coresthrough the shelf-edgereef communitiesoff St. Croix, Puerto Rico and Floridareved active
Acropora-reef devel opment starting around 10,000 ybp and ending suddenly between 7,000 and 6,300
ybp at al three sites. Thisisassociated with adramatic decreasein the number of A. palmata samples
reportedintheliterature. Coresfromareef around Buck Idand (U.S. VirginIdands) revea aspecies
composition Similar to that seenin monitoring records prior to the onset of WBD, implying that the
“average” forereef community over the past 7,000 yearswas similar to what existed there before disease
decimated A. palmata throughout theregion. At 3,000 ybp, however, Acroporids disappeared at Buck
Idand, and community dominance shifted to massive corals. Thiscorrespondsto asecond interval during
which no A. pal mata sampleshave been reportedintheliterature. Whilethe overall pattern of reef

devel opment better matchesthe pre-WBD community at Buck Idand, amoredetailed ook at therecord
impliesasecond Caribbean-wideinterruptioninthe A. palmatarecord. Thus, spatia persistanceisnot
necessarily equivaent to tempora continuity. Our coreshave documented at |least two regiona gapsinthe
A. palmata record that appear anal ogousto the recent near-extirpation of the speciesby WBD. A
re-examination of our new found confidencein separating natural from anthropogenic change seemsin
order.

161



Population Dynamics and Life-History Traits of Acropora palmata:
Costs and Benefits of Fragmentation

DiegoLirman, Ph.D.

Assgtant Scientist, Center for Marineand Environmental Analyses
Rosengtiel School of Marine and Atmospheric Science
University of Miami, 4600 Rickenbacker Cswy., Miami, FL 33149
Emall: dirman@rsmasmiami.edu

Severa uniquecharacteristicsdifferentiate Acropora palmata from other cora species. Although

A. palmata can be very susceptibleto the physical disturbance caused by storms, it can also exhibit
extraordinary regeneration and regrowth capabilities. Theability of A. palmatato form new coloniesfrom
storm-generated fragments, together with thereportedly low successof sexual recruitment inthisspecies,
suggest astrong connection between storm di sturbance and survivorship and persistence of thisspecies.

Here, | present theresultsfrom asimulation model developed to test the potentia impactsof physical
disturbance on ekhorn populations. Thisstage-based transtion modd identifiesstorm intensity and
frequency asimportant factorsinfluencing damage and recovery patternsof Acropora palmata
populations. Thesmulationshighlight animportant trade-off between the primary and secondary negative
impactsof ssorm damage and the need for thisspeciesto propagate asexually inlight of itslimited sexua
recruitment success. After aseverestorm, A. palmata popul ations can be numerically dominated by
fragmentsand crusts. Theshiftin biomassfrom unitswith high survivorship (i.e., colonies) to unitswith
higher mortality probabilities(i.e., fragmentsand crusts) can affect therecovery and long-term survivorship
of disturbed populations.

Clearly, the difference between astorm being adestructiveforce or an externa factor that promotes
asexual propagation and popul ation expansionisoften asmall one, and the ba ance between thesetwo will
ultimately influencethelong-term survivorship of A. palmata populationsaready decimated by diseases
and other stressors.
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Genetics of Acropora cervicornis

SeveVollmer,
Harvard University, 16 Divinity Ave. , Cambridge, MA 02138, svollmer@oeb.harvard.edu

Sincel am unableto attend the meeting, | thought | would summarize what the genetics of Caribbean
Acropora saysabout the system and how thisinformation might add to the conservation of Acropora
cervicornis. Basically, | seethree major questionsthat the geneticsof A. cervicorniscan answer: 1) Is

A. cervicornisadiscrete species (or evolutionary lineage), 2) How much geneflow exists between
populationsof A. cervicornisand what isthe scale of any connectivity, and 3) How much genetic diversity
existswithinlocal populationsand how may thisrelateto the cora sahility to survive perturbationslike
bleaching, white-band, etc.?

1) Thegeneticsclearly showsthethree Caribbean Acropora (inreview) areanatura hybridization system
with A. proliferabeing amorphologically variable, first generation hybrid of A. palmataand

A. cervicornis. We havetakento calling A. proliferaimmortal mulesfor their potential to propagate
clondly through asexual fragmentation. Introgressionislimited by hybridinfertility or inviability, but rare
backcrossing of A. proliferawith A. cervicornisalowsfor the some mtDNA and nuclear introgression.
For A. cervicornis, thismeansthat itsgenomeislikely sprinkled with A. palmata genes, and, while
introgressioningenera appearsrare, itsextent isunknown at present. Surprisingly, introgressed
mitochondrial haplotypesin A. cervicornisare quite common (ca. 20%) and distributed throughout the
Caribbean, even though backcrosses occur ca. 1 every 10 generations. Animportant distinction for the
statusand conservation of A. cervicornisisthat the genetic datashow it isadistinct speciesor genetic
lineage, despitethisintrogression. The geneflow between the species constitutesaninteresting avenue of
speciesresearch (whichweareactively pursuing), but theintrogressionisfunctionaly not affecting the
independent evolutionary trajectory of the species. | would be happy to discussthisresearch with anyone
interested at length viaemail (etc.) and/or furnish acopy of the manuscript in review onceit comesout of its
current state of l[imbo (hopefully soon).

2) Weareasolooking at the population structure and connectivity of A. cervicornisacrossthe Caribbean
using themarkers (MtDNA control regionin particular) that we have devel oped for the hybridization work.
Preliminary datasuggests population structureamong idands and potentially even over small spatial scales
(ca. 20kms). Weare actively gathering thisdata, and woul d appreciate any samplesespecialy fromthe
southern Caribbean. Thisresult issomewhat surprising, and hasimportant conservation implications—
namely that each population should be considered individually with the best potential for recovery coming
fromloca populationsand not larvae drifting infrom afar. Tome, it dso suggeststhat any transplant studies
should occur (when possible) with fragmentsfrom nearby popul ationssincethere may bepotentia for local
adaptation that should be preserved. However, given the state of some populations, thismay no longer be
possible.

3) Onemgjor focus should a so be on theamount of genetic or clond diversity within populations. In Puerto
Rico, wearefinding surprisingly high levelsof genetic diversity at somesites(ca. 1 genotype per 5m),
whereas other Stesappear to be dominated by asingle clone. We are gathering smilar datafrom sitesinthe
Bahamas, Jamai ca, and Panama. Amountsof genetic diversity inlocal populationshasimportant
evolutionary and ecological implicationswhich we can discussfurther. Somefruitful areasof research might
beto seeif genetic diversity correlatesto apopulation’sability to survive perturbationslike bleaching. We
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arehoping to pursuethese and rel ated avenues with our approach. Yet, it could al so be argued that popula
tionsareaready perturbed given thewhite band epidemic. Nevertheless, | suggest that consideration should
begiventothisissueand any conservation strategy (esp. transplants) should takeinto account preserving
meaningful geneticdiversity.

I will stop hereand conclude by saying, in my biased opinion, that including geneticswill add gresatly to any

conservation strategy for A. cervicornis. Getting avery grossfingerprint of these corals(with PCR, se-
guencing, and RFLP) could be easily adapted for these purposes.
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Genetic Status of Acropora palmata Populations in the Caribbean

[lianaB. Baums
University of Miami, RSMAS-MBF, 4600 Rickenbacker Causeway,

Miami, FL 33149 ibaums@rsmas.miami.edu

Acropora palmata popul ations showed asignificant Caribbean-wide decrease in the 1980stogether with
their congener A. cervicornisand arestill in adepressed state. It hasbeen suggested that white-band
disease (WBD), adisease specificto Acroporids (Antonius 1981; Gladfelter 1982; Peters 1993) isthe
primary cause of therecent mortality observed in wide areas of the Caribbean. It might have served asa
strong selective agent, i.e. killing non-res stent genotypes and thereby reducing genetic variability.
Additiondly, Acroporidsare particularly susceptibleto hurricane breakage and have undergone major
bleaching eventsinthelast decade.

Clonal structure

A. palmata reproducesboth sexually and asexually. Asexual reproduction can be the dominant mode of
reproduction (Highsmith 1982). The high Acroporid cover of Caribbean reefs prior to the 1980sresulted
from the combined effects of fragmentation and high growth rates.

Asexua reproduction leadsto the multiplication of aparticular genotype and resultsin an assemblage of
genetically identical individuasthat can function and surviveontheir own (Carvalho 1994), called aclone.
Asexudity per sehasno effect on allelic or genotypic frequenciesin populations. It doesnot alow for
geneti c segregation and recombination, however, and so preservesthe effects of selection, genetic drift, or
founder effect onthe genetic diversity. Bak (1983b) hypothesized that high asexua reproduction rates|ed
to low genotypic diversity so that Acroporidswere more susceptibleto disease compared to non-
branching species.

A. palmata reproduces sexually by rel easing egg-sperm bundlesin thewater (broadcast spawning,
Szmant 1986). L arvae settle out after about 1-2 weeksin the plankton. The pelagic life stage providesthe
opportunity for long-distancetransport of larvae with the surface currents (Sheltema1977; Crisp 1978).

The dominance of asexua reproduction combined with broadcast spawning hasimplicationsfor the
recovery potential of declining A. palmata popul ations. The breeding popul ation sizereachesitsmaximum
if all genetscontributeto the next generation. A. palmataisexpected to haveasmall breeding population
sze: bothfertilization success of spawned gametesand the recruitment of larvaeishighly stochastic and
dependent upon locd conditions. By chance, only afew individua s might contribute alarge number of
offspring to the next generation (sweepstake effect, Hedgecock 19944, b). Once coloniesbecomerare,
the distance between them might limit fertilization success (Allee effect) even further. Populationswith small
breeding popul ation sizesarefar more proneto extinction due to demographic stochasticity, reductionin
genediversity, or accumulation of del eterious mutati ons (see Grosberg and Cunningham 2000).

We need to understand the clonal structure of local A. palmata populationsif wewant to assessthe status
of thiscoral inthe Caribbean. Severa avenueshave been pursued to detect clona identity in Cnidaria. The
first sudiesutilized self-recognition analyses (Neigel and Avise 1983) in A. cervicornis. Thisstudy found
that A. cervicornisclonesdo not extend further than 20m. One clone may dominate areas of 10m? and
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theseclonesaregenerdly spatiadly discretewith tight boundaries. Thegenetic basisof tissuecompatibility
has since been challenged by studies showing fusion of el ectrophoreticaly distinct ramets. Analysisof
protein (allozyme) and DNA markersshow patternsfrom dominantly asexua to dominantly sexua
reproductioninthe Scleractinia. Evenwithinthe same species, contrasting reproductive behavior over
large geographical scalesisnot exceptiona (reviewed in Harrison and Wallace 1990). However, alack
of appropriate sampling design and thelimited power of allozymesto resolveall genotypeslimitsthe
extend to which studies can be compared.

The consequences of asexual reproduction on genotypic diversity depend largely onthefrequency of
sexua recruitment and genet longevity. Empirical and theoretica studieshave suggested that genotypic
diversity at alocal scalemight decrease over timethrough elimination of genetsby intraspecific competition
or stochastic effects. Incontrast, genotypic diversity might remain highif sexua recruits, however rare
they might be, havealong life span after establishment occurred (McFadden 1997). Ineither case,
interpopul ation differences can be maintained (Hoffmann 1987).

Geneflow intheCaribbean

Opposing patternsof genetic population structurein the Caribbean have been predicted. High geneflow
along mgjor current paths (most recently Roberts 1997) may result inagradient of genetic similarity,
correlated within acurrent system, and would likely reduce subpopul ation structure on small scales.
Cowen et al. (2000) and others suggested that retention of larvae, aided by local current features, larva
behaviora adaptationsand high mortaity rates should lead to highly subdivided populations. Studies of
marine organismsdemonstrate popul ation patterns, from strongly structured to homogenous acrossthe
Caribbean basin. Inthelatter case, dight but significant microgeographic structure hasbeen reported in the
presenceof high geneflow.

To date, there have been no studies on the popul ation structure of Caribbean Scleractinia. However,
geographic variation hasbeen foundin anumber of Anthozoain temperateandintropical systemsusing
alozymeand nuclear markers.

Burnett et a. (1995) predict that reef building coras show considerably more population structuring than
hasbeen described in strictly sexual species. The zoanthid Zoanthus coppingeri isonly partly clona but
exhibits strong population structure between localities separated by only 50m, aconsegquence of random
changesin genefrequenciesasaresult of low level sof geneflow. Highclonal longevity and low sexua
recruitment ratesseemto maintain genetic differencesover long periods.

If coral populationsarelargely self seeding and long-distancetransport of larvaeisarare event, theldand
Stepping Stone moded predictsthat genetic differentiation should increasewith geographic distancewith
obvious management implications. Geographic and genetic distance were correl ated in some cases.

Anaysisof protein (allozyme) and DNA markersshow patternsfrom dominantly asexua to dominantly
sexual reproduction inthe Scleractinia. Even within the same speci es, contrasting reproductive behavior
over large geographical scalesisnot exceptional (reviewed in Harrison and Wallace 1990). However, a
lack of appropriate sampling design and thelimited power of alozymesto resolveall genotypeslimitsthe
extent to which studies can be compared.

Underlying theabovediscuss onistheassumption that specieswithlong lived planktoniclarvae should

have ahigher dispersa potential than specieswith philotrophic, short lived, benthic or nolarval stages. It

cannot beruled out that thefailureto consistently relate reproductive strategies, with theamount of gene
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flow in marineorganisms, isdueto the shortcomings of the markersand the stati stical methods, rather than
lack of pattern. Additionally, thefundamenta differences between clona and non-clonal species, bothin
termsof genetic Structure and spawning strategies, further complicate predictionsand call for different
experimental approaches. It isessentia totest theability of the chosen marker systemtoreiably
differentiate between clones (ramets, identical by descent) and closdly related individual s (genets, identical
by state) to reach confident conclusionsabout popul ation structure. Furthermore, broadcast spawning
coraslikeA. palmata only spawn annually and do so synchronoudly Caribbeanwide. Thus, the potential
for larval retentioninloca current featuresislikely to bedifferent and, asof now unpredictable, acrossthe
Caribbeanbasin. Lastly, long generationtimesand low sexua recruitment will likely result in different time
scalesof larval exchangeratescompared to sexua species.

Genetic structure of A. palmataiscurrently under investigation. Both clonal structureand reef connectivity
will be estimated by combining highly variable, menddian markers(microsatel lites) with anested sampling
approach onavariety of spatial scales.

Summary

The presumed dominance of asexud reproduction in A. palmataleadsto anumber of predictions, namely
small breeding population sizeand low genotypic diversity within populations. Genet longevity andlow
sexual recruitment are expected to produce popul ation substructure in the Caribbean. Thissubstructure
might not conform to geographic distance or cluster along major current patterns. Rather, it isexpected to
beinfluenced by thevolatile nature of local currentsand eddies. Failureto detect subpopulation structure
doesnot excludethe possibility of extremely rare exchanges of sexua recruits between populationsdueto
the presumed long generationtimesin A. palmata. Inthelatter case, conclusionsderived from genetic
studiesabout the popul ation status and Caribbean reef connectivity will belimited. Nevertheless,
information ontheclona structure of the populationswill aid in the decision making processon marine
reserves and management plans.
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Coral Farm: the First Step to Restore Reefs

Antonio L. Ortiz-Prosper, Coordinator
Puerto Rico Coral Farmers, Caborrojefios Pro Salud y Ambiente, Inc.

Puerto Rico Coral Farmersisamarine scientific group within Caborrojefios Pro Salud y Ambiente, Inc.
(CPSA), anon-profit organization registered in the Puerto Rico State Department since 1991. The mission
of our organization isto raise awareness on issues regarding the conservation and protection of our
environment. CPSA has the support of several local and federal agencies, including the US Department of
Commerce, Rural Economic Development, Environmental and Natural Resources Department, among
others. At present, we are currently working with the National Fish & Wildlife Foundation to develop
effective and low cost methodology to restore coral reefs.

Our goal istoimplement methods for mani pul ating and enhancing depleted coral population through
coral farming in the Southwest area of Puerto Rico, specifically in Cabo Rojo, Lajas, and Guanica. We have
designed specific proceduresto collect, transport and culture of several coral speciesthat will be continually
tested on thisstudy. Coral Farming is aproposed plan to overcome part of the problem of reef deterioration
in Puerto Rico and the Caribbean. Through the culture of awide diversity of corals, we will be able to
supply coralsto deteriorated coral reefs, damaged by natural (storms, and disease) and human induced
disturbances (ship grounding, pollution, military activities, anong others.)

Our Partners

- Fish & Wildlife Foundation: Main partner that will providethe funding for the proposed project. Isthemain
sponsor of our current Reef Restoration Methodol ogy Project (ending August 2001), where we devel oped
the coral reef farming methodol ogy, which will be implemented in alarger scalein the proposed project.
Department of Natural Resources and Environment (DNRE), Guanica State Forest: Will provide storage
facilities for the equipment and materials, and to prepare the coral culture device needed for the coral
nurseries.
Other partners: Local organizations such as the Ferré Rangel Foundation, and the Ford Motor Company
Foundation have manifested their interest to collaborate in the proposed project, by providing additional
funding to cover the costs of avehicleto be used in the project (to transport heavy equipment, coral culture
device, and trailer), and for an educational component, respectively.

Statement of the problem

In an effort to overcome the problem of coral reef deterioration, the active restoration of damaged coral reefs
isnow at the scope of most conservation efforts. Coral reef restoration is arelative new field of research that
will become increasingly important for management purpose. Restoration techniques have the potential to
accelerate the re-growth of areef after disturbance and created new reef where none previously existed. The
basic approach isto introduce new colonies of fast growing speciesinto the reef. The establishment, growth,
development and maturating of these colonies may increase larvae production and recruitment locally or the
increase the number of colonies by the establishment of broken off fragments from transplanted colonies.

Despite the fact that some corals are known to survive after transplantation (Highsmith, 1982), some
techniques have been proven not to be feasible options because of the following:

Negative effects on collection sites: The mgjority of the work done in coral reef restoration projects
involve the collection of the coral coloniesfrom one site, transported and transplanted to a second site.
Harriot and Fisk (1988) have documented the negative impacts of transplantation on the collection site,
such as the reduction of coral population from healthy reefs, among others.

Highs cost, and low percent of survival of coral transplanted: Cost/effectiveness is not measured in
most of coral reef restoration project. For example, after the M/V Fortuna Reefer Vessel Grounding at
Mona Island (Puerto Rico) the National Oceanic and Atmospheric Administration’s Damage
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Assessment and Restoration Program initiate an emergency coral reef restoration. After an expedited
$1.25 million settlement funds to restore the reef less than 65 % of Acropora palmata fragments
survived. Comparable results (68% after one year) were obtained without human intervention when
hurricane Georges (September 22, 1998) passed through Puerto Rico, fragmenting many colonies of

A. palmata in several reefs of La Parguera, southern Puerto Rico (Ortiz and Ruiz, 2000).

Farming corals (or coral nursery) isthe best logical step in coral harvesting that will allow usto
produce corals to be used on restoration projects. Our experience in coral farming has proved that coral
nursery or coral cultureisauseful tool in coral reef management. The coral nursery is based on the idea of
the metapopulation concept. A metapopulation isaseries of small, separate, popul ations united by some
mechanism that allows genetic flow. Inthisscenario, evenif theindividual populations go extinct, other
population survivesand supply dispersing individualswho re-colonizes“extinct” patches (Harrison, 1991). By
this concept, the coral culture of different species within the nursery sites may act as a source of coralsto
replenish extinct populations at different reefs. The proposed coral farm not only will increase the local
genetic variability by the addition of new coral strainsto the reef, it also will preserve coral strains (on coral
nurseries) for future dispersion, including candidate species considered for the Endangered Species Act. For
example, we have already successfully farmed Acropora cervicornis and Acropora prolifera, two of such
threatened species.

Expected Results and Benefits

We will establish a total of 6 cora reef nurseries in three southwest towns: Cabo Rojo, Lajas and
Guanica (2 nurseriesin each town). Each of these nurserieswill have at least 50 coral culture devices, for atotal
amount of 300. Initially, we will collect and culture in these device at least 8,400 coral fragments of different
species. By the end of the second year, we expect to have harvested at least 30,000 fragmentsto be cultured in
additional 1,440 new culture devices.

Outcomes

1. Implement effective methodol ogiesfor coral propagation and transplantation through human activities.

2. Increase of genetic diversity of local coral population by providing new, genetically different individuals.

3. To have farmed large and diverse amounts of corals, including threatened species of the Acropora genus,
available to be used in future local reef restoration efforts.

4. Direct involvement of coral reef resource managers; island fishing communities and other non-government
partnersin coral reef restoration projects.

5. Integration of coral transplantation techniques in the management strategies for improving the fishery
resources in Puerto Rico.

6. Increase public knowledge about the importance of coral reefs as essential habitats for marinelife, and the
joint efforts to preserve and restore damaged coral reefs.

7. Coral farmswill aso produce direct and indirect benefitsto local areas by expanding habitats for marine
invertebrates, ornamental and commercial fishes, and underwater attractions for snorkeling or SCUBA
diving.

Our ultimate goal isto transfer our findings and experience in restoration and coral farming
methodology to other Caribbean nations, as a sustainable method to increase coral populations

We propose the extensive use of experimental and proven methods of coral culture. All cora
transplantation or cultured methodswill be continually tested to determine the optimum approach. Each
methodol ogy will betested and evaluated using appropriate experimental design. For example, experimental
coral culture device will be set up in acomplete randomized design. Triplicate coral culture device contained
branches or fragments of one strain of each coral specieswill be randomly allocated within each coral
nursery area. The number of coral fragments and its size within the experimental coral culture device will be
recorded at theinitiation of the project. Coral nursery siteswill be visited periodically over the year period
and the response variables to be measured are mortality rate of transplant, incremental growth, and colony
conditions. All techniques (coral collection, transportation, transplantation, etc.) will be modified depending on
previousresults.
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Coral Culture as a Conservation Tool for Acropora spp.

ErichMudler, Ph.D., Director
Center for Tropical Research, Mote Marine Laboratory, Summerland Key, FL emueller@mote.org

During the past 20 years, aquarists have devel oped techniquesto successfully maintain, and propagate,
scleractinian corasin closed systems. Much of thiswasaccomplished by hobbyistswith thegoal of
creating “mini-reefs’ for display. But therequirementsfor scleractinianswere based on knowledge of
coral biology, particularly their need for oligotrophic water and highirradiances. Scientistshaveaso
developed closed cora systemsto better understand coral biology and their effectson community
metabolism. The Acroporidsare particularly amenableto culture because of their high growth ratesand
ease of asexual propagation. Cora mode systems, such asthe* microcolony,” arethe equivalent of lab
ratsand offer the potential to much morefully understand the complex physiologica processesof coras
andtheir symbiotic dinoflagellates. Closed-system culture offersopportunitiesto study diseasesthat
affect acroporids (bleaching, white-band disease and patchy necrosiswhite pox) in much moredetail than
possibleinthefied. Finally, such systemsalso offer arefuge of last resort for agenusthat has seen
dramatic popul ation declinesin much of the Greater Caribbean.
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Management Measures for Corals and Coral Reef Ecosystems in the
Florida Keys National Marine Sanctuary:
I's the Existing Program Sufficient to Protect and Restore Acroporid Corals?

BrianD. Keller
FloridaKeysNational Marine Sanctuary

TheFloridaKeysNational Marine Sanctuary isanearly 10,000-km? marine protected areathat was
designated by Congressin 1990; its management plan wasimplemented in 1997 and consistsof 12 action
plansinfour categoriesof protection: physica damage, environment/water quality, science/understanding,
and penalties. A key aspect of the Sanctuary’ s management planisthe use of marine zoning to set aside
areasfor specific activitiesto balance commercia and recreational interestswith theneed for asustainable
ecosystem. In particular, thereare 24 fully protected (* no-take”) zonesthat hel p protect resourcesfrom
overuse and separate conflicting uses. The Sanctuary’smanagement planincludesmultiple approachesto
protecting livecora. Although Acropora spp. arenot singled out within the plan, they receive specia
cons deration in day-to-day operations. For example, therewasaban on collection of Acroporafor
research for several monthsfollowing the damaging effects of Hurricane Georgesin 1998.
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Introduction to the U.S. Endangered Species Act

Andrew W. Bruckner
NOAA/NMFS, Officeof Protected Resources, Silver Spring, MD.
Andy.Bruckner@noaa.gov

BACKGROUND

The purposes of the Endangered Species Act areto providesameansto conserve ecosystems upon
which endangered species and threatened species depend, to provide aprogram for the conservation of
endangered and threatened species, and to take appropriate stepsto recover aspecies.

Species ListingsUnder the Endanger ed SpeciesAct

TheNationa Marine Fisheries Service (NMFS) isresponsiblefor determining whether marine species,
subspecies, or distinct popul ation segments arethreatened or endangered under the Endangered Species
Act of 1973, asamended, 16 U.S.C. 1531 et seq. (ESA). To be considered for listing under the ESA, a
group of organismsmust constitutea” species,” whichisdefined under section 3 of the ESA toinclude
“any distinct population segment of any speciesof vertebratefish or wildlifewhich interbreedswhen
mature.” NMFShasdetermined that, to qualify asadistinct population segment (DPS), apopulation (or
group of populations) must be substantialy reproductively isolated and represent an important component
intheevolutionary legacy of thebiologica species. A population (or group of populations) meeting these
criteriaisconsidered to bean “evolutionarily significant unit” (ESU) (56 FR 58612, November 20, 1991).
Initslisting determinationsto date, NM FS hastreated an ESU asthe equivalent of aDPS under the ESA.

Section 3 of the ESA definesan endangered speciesas* any specieswhichisindanger of extinction
throughout all or asignificant portion of itsrange’ and athreatened speciesasone”“whichislikely to
become an endangered specieswithin theforeseeable futurethroughout al or asignificant portion of its
range.” Thestatutelistsfactorsthat may cause aspeciesto bethreatened or endangered (ESA section
4(a)(1)), but it doesnot provide further guidance on how NMFSisto determinetherisk of extinction or
thelikelihood of endangerment.

Section 4(b)(1)(A) of the ESA requiresNMFSto makelisting determinations based solely on the best
scientificand commercia dataavailableafter conducting areview of the statusof the speciesand after
taking into account efforts being madeto protect the species. Accordingly, inmakingitslisting
determinations, NM FSfirst determineswhether apopul ation group constitutesa*” species’ under the ESA,
and determinesthe species statusand thefactorsthat haveled toitsdecline. The statusreview provides
background information on the speciesincluding taxonomy and biology, current and historic range,
population information, habitat requirements, asummary of thethreatsfaced by the species, areview of
existing conservation measures, and adiscussion of theactivitiesthat would be affected if the specieswere
ligted.

The processfor determining whether aspecies should belisted isbased solely on scientificinformation on
the status of aspeciesand specificaly excludespotential economicimpacts. Thestatusisdetermined from
an assessment of factorsthat may be contributing to declineincluding 1) habitat destruction or
modification; 2) overexploitation; 3) disease or predation; 4) inadequacy of existing regulatory
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mechanisms, and 5) other factorsaffecting survival of the species. NMFS al so assesses protective efforts
being madeto determineif they mitigaterisksto the species.

Invertebratelistings

Anamendment tothe ESA in 1978 allowsusonly tolist distinct populationsof vertebrates. Marine
invertebrates must bethreatened or endangered throughout their rangeto belisted, becausethey are thought
to havegreater rangesand fecundity and agreater resilienceto exploitation and environmental changethan
vertebrate species. Since most benthicinverts produce pelagic larvae with the potential for long-distance
dispersd, these speciesare assumed to exhibit ahigh degree of interconnectivity through water circulation,
and itisthought that adistant population in good condition can serveasasource of recruitsto rehabilitate
degraded populations.

Eventhoughwearerequiredtolist al populationsof aninvertebrate speciesif wedeterminethat they are
threatened or endangered, the degree or type of protection these speciesreceive can vary, depending on
whether aspeciesislisted asthreatened or endangered. If wewereonly tolist one or both of thesecorals
asthreatened wewould subsequently issue regul ationsthrough arule-making process that woul d specify
what measureswere necessary for the conservation of the speciesand wherethese measureswould apply.
In some casestheseruleswould only affect the speciesin state or territorial watersif the statehasa
cooperative endangered species agreement and the state feel sthat those measures are beneficial for the
species. Incontrast, if weweretolist oneor both of the coralsasendangered all of the provisionsof the
ESA automatically apply, regardless of whether the speciesisinfedera waters, or in stateand territorial
waters. So athreatened listing givesusmuch greeater flexibility.

What doesit mean to belisted
A.Critical Habitat

Whenwe publishafinal decisiontolist aspeciesonthe ESA wearerequired to designate critical habitat -
Critica habitat includes specific areasthat containthe physica, biologica and environmentd factors
necessary to support the species, aswell asareasthat are not occupied by the species, but are essential for
itsconservation - for corals, thiscould include other reef environments, aswell asmangrovesand
grassbeds.

B. Protective measur es

By listing aspecies, we arerequired to protect that speciesand recover it to itsformer abundance or range,
concentrating on areasthat are critica to the speciesbased on unique genetic diversity, areaswitha
documented high abundance, populationsthat may provide asignificant source of recruitsto other aress,
and popul ations at the geographic limitsof the species. The ESA aso providesuswith thetoolsto protect
the habitat occupied by alisted speciesby prohibiting any activitiesthat arefunded, authorized, or carried
out by thefederal government if those activitiesarelikely to contribute to the degradati on of the habitat and
jeopordizethesurvival of the species(section 7). For coral reefs, thismeasurewould require permitsfor
any activitiesinvolving dredging, coastal devel opment projects, sand extraction and discharge of sediment
near coral reef environments. The ESA (section 9) also makesit illegal to* harass, harm, pursue, shoot,
wound, kill, trap, capture, or collect or engagein commercein listed animalsexcept by permit for
conservationor scientific purposes’. Harm hasbeen defined toinclude* significant habitat modification or
degradationwhereit actudly killsor injureswildlifeby sgnificantly impairing essential behaviora patterns
including breeding, feeding, or sheltering”. A listing asoincreasesfedera aid to stateand commonwedlth
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conservation agencieswith cooperative endangered species agreements. Most importantly, The ESA
requiresthat we devel op and implement arecovery program.

C. Recovery Programs

A recovery programincludesasummary of information on aspeciesanditslifehistory, including
information on taxonomy, popul tion discreteness, popul ation size and trends (including past and present
size and future proj ections based on current trends), reproduction and recruitment rates, sourcesand rates
of mortality, diet and feeding habits, movement patterns, habitat use patternsand critical habitat
requirements. Thethreats affecting the species should be described in detail, aswell asthe overall
objectiveof therecovery plan, thetype of recovery actions, and animplementation scheduleto achieve
theseactions. Thegoalsof therecovery programareto determine actionsnecessary to reduce or
eliminatethethreats affecting the speciesand protect critical habitat essentia for thesurvival of that
species. Therecovery program must al so identify measurable criteriathat will be used to down-lista
speciesonceit hasrecovered, and an anaysisof thetimeand cost required for full recovery.
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APPENDI X |: Restoration Approachesfor Acroporain Florida, Puerto Rico and USVI

Coradl reef restoration effortsinthe United States havetraditionally occurred in responseto damageresulting
from ship groundings, but recent effortsare underway to mitigate damage from other natural and
anthropogenicfactors. Inthe past, most restoration projectsfocused on stabilization and reconstruction of
thereef structurefollowed by areintroduction of benthic invertebrates. These projectshave been
conducted onasiteby sitebasis, usng avariety of different approachesand oftenincluding only limited
science-based monitoring to eval uate the benefits of aparticular technique.

NOAA’sNationa Ocean Service (NOS) iscurrently devel oping amanual outlining techniquesto conduct
damage assessment following shipgroundingsin cord reefswithin the FloridaKeysNational Marine
Sanctuary (FKNMYS) that will improve our ability to determine the most cost effective and ecologically
beneficia restoration program. Morerecently, pilot research projectsin the FloridaKeysare seeking to
develop and evaluate new restoration techniquesby targeting important ecological processes. Thisincludes
innovative experimentsinvolving novel ecological restoration projectsthat seek to enhance sexual
recruitment of important reef-building cord larvae; reestablishimportant missing ecosystem linkssuch asthe
herbivorousseaurchin D. antillarum, asatool to control the proliferation of harmful macroalgae; and
approachesto control coral predatorsand coral diseases.

A. Restoration effortsby the Florida K eysNational Marine Sanctuary for Acropora
Compiled by AnneM cCarthy with contributionsfrom Brian Keller, Harold Hudson, and Bill Goodwin

Over thelast decade, staff from the FloridaK eys National Marine Sanctuary (FKNMSor Sanctuary) have
devel oped and applied techniquesto restabilize (reattach to the seafl oor) cord fragmentsfractured and
didodged mainly by vessal groundingsand hurricane events. Since 1992, over fifteen moderateto major
restoration projects have beeninitiated, overseen, or permitted by the FKNM Swithin State and Federa
waters. Of these projects, threewere effortsto restabilize colonies of Elkhorn Coral (Acropora palmata)
damaged by vessel groundingsin shallow reef areas of Carysfort Reef (1998), Western Sambo Reef
(2001), and Rock Key Reef (2002). Techniques employed at these sitesincluded an expans on anchor
method used by Continental Shelf Associates, Inc. (Graham and Fitzgerald 1999), the deployment of “ reef
crowns’ designed to s mulate the natural surroundingsand cradle dis odged A. pal mata that was stabilized
with concrete, and the direct cementing of fragmentsto the substrate using hydraulic cement. A fourth
project was completed in 2000 in cooperation with Reef Relief (aFloridaKeysnon-governmental
organization) andinvolved there-trangplantation of previoudy salvaged corasfrom ahurricane-damaged
Western Sambo Reef into the denuded areaof an early 1990'svessel grounding at the samereef.

Atthistime, thereislimited information on the success of theserestoration efforts. However, some
preliminary observations of these sites have been made and indi cate possible success of stabilization and
survivorship using the* reef crowns’ and direct cementation and poor success using the expansion anchor
method (Bill Goodwin, personal communication). Until recently, the Damage Assessment and Restoration
Program (DARP) consisted of only threeemployeesfor theentire FKNM Sand therefore had limited
capacity to monitor and eval uate success beyond qualitative observations. Asthe program grows, plansare
being drafted to eval uate the success of the Western Sambo and Rock Key sitesusing numerousvariables.
Theultimate objectiveisto return these damaged areasback to their baseline (pre-injury) conditions.
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Variablesto be evauated may includeagal cover, evidence of cement toxicity on adjacent organisms,
structural integrity of reef framework and other structures, growth and survivorship of transplanted or
stabilized coral fragments, and recol onization of the site by typical reef-dwelling organismsother than corals
(fish, crustaceans, other invertebrates).

Additional effortsto salvage grounding-generated cord fragmentsincludethetransfer of smaller fragments
to aguaculture and marineresearchingtitutionsfor “rehabilitation” with an ultimate objective of returning
themtothegrounding site. Scientific researchisa so supported through thismechanism by supplying living
tissue and minimizing collection of un-impacted corals. Recent “ rescue’ effortsresulted in mixed results.
Severa A. palmata fragments (too small for direct restabilization) weretransported to Mote Marine

L aboratory’s Center for Tropical Research on Summerland Key and shipped to the FloridaAquariumin
Tampafollowing asailboat grounding on Rock Key. Within oneto two daysfollowing transport, most of the
fragments demonstrated rapid tissuelossand acondition termed “ shut down reaction” or “ rapidtissue
necrosis’ (JaneHawkridge, personal communication). To verify the cause of thisnecrosis, tissue samples
from thesefragmentswere sent to aresearcher studying thisphenomenon for bacterial analysis. Two of the
fragments shipped to the Florida A quariumin Tampahave demonstrated positive resultswith recent reports
of tissuegrowing over woundsand the substratein theartificial system. Overal, these stressed fragments
(whichmay not have otherwise survived) have provided “ coralsof opportunity” for researchersand
potential opportunitiesfor reintroduction of healthy coloniesto degraded habitatsfollowing rehabilitationin
acontrolled system.

Asthe DARP growsand moretimeisallocated toward greater evaluation of restoration effortsinthe
Sanctuary, it isbelieved that responsesto vessal groundingsand hurricaneswill adapt to meet the ecol ogical
needs of theimpacted coral reefs. With this, methods used to restabilizeand ‘ restore’ theseareaswill also
need to berevised aswe discover which approacheswork best in the various conditionsencounteredin
FloridaKeysreef environments.

B. Restoration effortsin Puerto Rico
Compiled by Andrew Bruckner

1. FortunaReefer Grounding, Monaldand, PuertoRico

The FortunaReefer, a327' merchant vessal, ran aground on the southeast coast of Monaldandin July
1997. Thegrounding and removal disturbed over 6 acres of shallow coral reef habitat dominated by large
standsof elkhorn coral, Acroporapalmata. NOAA's Damage A ssessment and Restoration Program and
the Commonwealth of Puerto Rico expedited asettlement amounting to US $1.25 million for primary and
compensatory restoration, that included $650,000 to conduct an emergency coral restoration project
within 2 monthsof theincident. The objectivesof the emergency restoration wereto reestablish the
structural relief of the cora reef community and reduce coral mortality by securingloose A. palmata
branchestorelict reef substratesand standing elkhorn coral skeletons(NOAA, 1997a). Between
September 24, 1997 and October 14, 1997, ateam of 19 diversincluding marine engineersand biologists
stabilized 1857 A. palmata coral fragmentsranging inlength from 15 cmto 3.4 m. Fragmentswere
attached either to reef substrate or to dead, standing A. palmata skeletons. Stainless steel wirewasused
to securefragmentsto thereef; wirewasextended acrossafragment and then wrapped around stainless
steel nailsthat were cemented into holesdrilled inthe substrate (NOAA 1997; Iliff et al. 1999). Initial
monitoring of the site showed that after two years, 57% of thesefragmentswerealive, 26% weredead but
still securely in place, and 17% weremissing. Although thewirehad severd limitations, it waseffectiveover
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theshort term for holding fragmentsin place: amajor hurricaneimpacted the siteoneyear after the
restoration was completed, and yet only 17% of thefragmentswereremoved. 1n June, 2000 amid-course
correction was undertaken, wheretheliving fragmentswererewired, astheorigina wire hasbegunto
corrode and break. Thisrestoration representsanovel effort at securing elkhorn coral branchesto the reef
withwire.

2.PuertoRicoCoral Farmers

A comunity-based effort isunderway to culture branches of A. cervicornis (and other species) for usein
creating fish habitat in sandy areas, and for rehabilitating degraded areas. Theemphasisof thisproject has
been on thewest and south coast, near Guanica, Pargueraand Cabo Rojo, but thereareinterestsin
expandingit to Culebra. A moredetailed description of thiseffort isincluded inthe abstracts.

C.Restoration EffortsintheU.S. Virgin Islands
1.VirginIdandsNational Park

A small coral transplant project isunderway inthe Virgin IdandsNational Park. Theresearchersareusing
cabletiesto fasten naturally-occurring fragments of threefast growing speciesof cora to damaged reefs.
They initially tried thetwo part putty epoxy which comesin atube and hardensin 1-24 hoursdepending on
literature or in-water experience. It only bonded if the skeleton and substrate weretotally clean. The
researchershave switched to cableties, which appear towork very well. Fragmentsattached to dead
coral skeleton had lower mortality than natural coloniesof the same species. Acropora palmata and

A. cervicornishave both overgrown the cabletiesand they appear to be non-toxic (Ginger Garrison,
persona communication).
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Table 1. Comparison of restoration approaches used for Acropora palmata and A. cervicornis. Compiled by A.

Bruckner.

Technique

Benefit

Drawback

Re-attachment of 4. palmata fragments

to the reef using stainless wire

Re-attachment of 4. palmata fragments

to the reef using cable ties

Re-attachment of A. palmata fragments

to the reef with cement or epoxy

Attachment of A. palmata fragments to

bases (e.g., cement rosettes) that are
placed on the reef

Attachment of A. palmata fragments to

dead, standing colonies

Collection of storm-generated
fragments from sandy areas and
placement on reef substrates

collection and grow-out of fragments

on racks placed in shallow marine
environments

collection and grow-out of fragments in

land-based aquaria

rapid, cost effective, works in
high surge areas

rapid, cost effective, tissue
readily grows over plastic

permanent attachment, does
not cause tissue mortality,
does not require specialized
attachment point

provides a base for
attachment

provides a base for
attachment; raises fragments
off the bottom; may speed up
recovery and reestablishment
of standing colonies as tissue
expands over skeleton

may enhance the survivorship
of fragments following a
storm; can be undertaken by
volunteers

may enhance survival and
growth rates of fragments;
elevates fragments above the
substrate; provides a source
of fragments for restoration

allows culturing under
controlled environment; can

provide a source of colonies
for scientific studies
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wire abrades tissue; wire becomes
corroded and breaks; requires
attachment point for wire

cable ties loosen under high surge

costly, may not set rapidly,
ineffective under high surge
conditions; requires that both
surfaces are clean and free of
algae, encrusting inverts and
sediment

requires manipulation out of
water; rosettes must be attached to
reef or they may be dislodged by
high wave action

high likelihood of loss as
skeletons may be bioeroded and
will break during periods of high
wave action; potential competition
with bioeroding sponges (Cliona)

fragments may be removed during
high wave action if there has not
been sufficient time for them to
reattach naturally

may reduce genetic diversity; can
facilitate spread of disease or
outbreak of predators

disease concerns; fragments may
be acclimated to laboratory
conditions and exhibit poor
survivorship in the wild



APPENDIX II: Summary of Biological Information on Acropora palmata and
Acropora cervicornis

A.W. Bruckner
NOAA Fisheries, Silver Spring, MD 20905

Acropora palmata

Description: Elkhorn cora isalargebranching cora upto 3mindiameter with exceptionaly thick and
sturdy branches. Thisspecieswasformerly the dominant specieson shallow, exposed reefsthroughout the
Caribbean and inthe FloridaReef Tract, forming extensive, densely aggregated, monospecific thickets
(stands) that devel op during periods between storms (Adey and Burke, 1976; Woodley, 1992). The
successthisspecieshasachievedisaresult of itsfast rate of growth, rapid wound healing by injured adults,
high rate of survival of fragments, and ability of broken branchesto cement to the substratum and continue
growing (Gladfelter et a., 1978; Bak and Criens, 1981, Highsmith, 1982). Becauseof thehigh
survivorship of fragmented branches, A. palmata wasrapidly reestablished after amajor disturbance, and
coloniesspread into neighboring areas not previously occupied by A. palmata, including sandy habitats not
suitablefor settlement by sexually-produced larvae (Lirman and Fong, 1997). In sheltered areas, and on
reefswhere storm disturbancesarelow, thisspecies occursasisolated colonies, primarily dueto reduced
likelihood of fragmentation, and thelow recruitment successof sexually-produced larvae (Dustan, 1977,
Rylaarsdam, 1983; Rosesmyth, 1984).

Preferred habitat: Elkhorn coral isfound between low water level and 5-6 m depth, in wave-exposed
and high surgereef zones (Adey and Burke, 1976); isolated col onies can befound to depthsof 18 m,
primarily in areaswithlow rates of sedimentation and high current. Thisisan environmentaly sengtive
speciesthat requiresclear, high saline, well circulated water with mean temperaturesof 25-29°C (Jaap et
al., 1989). A. palmataisintolerant of sedimentation; thisspeciesisnot foundin areaswith considerable
runoff, river discharge or land erosion (Lewis, 1984), and popul ationswill disappear from coral reefs
exposed to sudden changesintemperature, sdinity or water quality (Davis, 1982; Dustan and Halas,
1987).

I mportance: Acropora palmataisamajor reef-building species and the dominant coral onthe shallow
forereef inthe* palmatazone’. Few other speciescoexist in thisenvironment, dueto the extreme
fluctuation of environmental conditions. Densethicketsof elkhorn cora reduceincoming wave energy,
offering critical protectionto coastlines. Lossof thisspeciesmay result inincreased coastal erosionand
may negatively affect shorelineswith mangrove and grassbed habitatswhich rely on calm water provided
by these effective coral barriers. Of the 60+ speciesof coral in the Caribbean, only three dominate present
day coral reefsand the Pleistocene geological record: A. palmata, A. cervicornisand the Montastraea
annularis”complex” (Jackson, 1992). A. palmata colonies contributeto the reef framework, and coral
thicketsaccount for some of the greatest measured reef growth rates (Goreau, 1959). Gladfelter (1982)
estimated arate of reef accretion by thisspeciesof 10.3 kg CaCO,/nv/yr; over 1000 years, shallow
windward A. palmatareefshave grown upward closeto 15 meters, keeping pace with rising sealevel
(Adey, 1975). Thisspeciesaso producesidands; boulder rampartsand coral cayesin exposed locations
inthe Caribbean idandsare composed primarily of A. palmata skeletons(Williamset al., 1999). High
structural complexity produced by theinterdigitated branchesof A. palmata coloniesprovide essentia fish
habitat; A. palmatathicketsoften contain ahigher diversity of fish speciesthanin comparableareas
(Gladfelter and Gladfdlter, 1978).
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Speciesdistribution: A. palmataisfound on reefsin southern Floridaand the Bahamas, and throughout
the Caribbean, including the Antilles, theWest Indies, Central and South America, including Mexico, Belize,
Honduras, Nicaragua, CostaRica, Panamaand Columbia, and. 1solated populations occur inthe southern
portion of the Gulf of Mexico, near Veracruz, Mexico; thenorthernlimitin 1992 wasthe Tuxpan Reef
System, approx 29 N latitude (Jordan-Dahlgreen, 1992). A. palmata was one of the dominant reef-
builders Barbados, but hasvirtualy disappeared (Lewis, 1984). ThesouthernlimitisVenezuela(Los
Roques) and the northeastern tip of Tobago. Elkhorn cora doesnot occur in Bermuda, the northern Gulf of
Mexico, or the east coast of South America(Guyana, Surinamor Brazil). Acropora palmata prefers
moderately high energy wave environmentsfound along thewindward sidesof idandsand banksgeneraly
alwaysfoundwithin 5 mof sealevel. Depending on the degree of wave energy, A. palmata coloniesmay
grow either inthe shallow forereef, back reef or patch reef environments, however it usualy formseither
continuousor discontinuous crests. Acropora cervicor nisprefers moderate-to-low energy environments
and occursin depthsdown to 20 m. It can occur in patch reef, back reef, reef crest, and forereef habitats.
Historically, populationsof A. palmata and A. cervicornispopulations occur throughout the greater
Caribbean and have been documented asfar back asthe Pliocene. Northern-most populationsoccur in
Horidaoff Broward County and the northern Bahamasregion, and southern-most popul ations occur near
Trinidad & Tobago, Venezuelaand Columbia.

U.S. distribution: A. palmata coral occursin Biscayne National Park, onthe FloridaKeysReef Tract, off

Puerto Rico and offshoreidands, and on fringing reefsaround the U.S. Virgin Idands. Thisspeciesisabsent
from Flower Garden Banks, FloridaMiddle Groundsand Southeast Florida. Thenorthernlimit ontheeast

coast of Floridaisinthe Biscayne National Park (Triumph Reef 25029 N).

Growth: Branchesincreasein linear dimensionsby 5-10 cm/year, depending on geographical location,
temperature, horizontal position onthereef, depth, and environmental conditions. Thegreatest rate of
growth occurson the shallow forereef during summer and early fall; reduced growth isreported during cold
water periods, and in back reef environments (Gladfelter et d., 1978).

Lifehistory adaptations: Acropora palmata hasahigh investment into persistence of adult colonieswith
modificationsin growth patternsin responseto wavestressand light intensity. Coloniesin deepwater have
broad and flattened brancheswhich arevery fragile. Onwave-exposed, shalow reefs, branchesarefewer
in number; branches becomethicker, shorter and more cylindrical and are oriented at closetoa 45 "angle,
pointing intoincoming currentsand waves. Inthe back reef, colonieshave broad, flattened branch tips,
although branches arethicker in cross section when compared to deep-water colonies (Gladfelter, 1982).
Theskeleton islessporous and stronger than most massive corals, and porosity islower towardsthe base
and higher in branch tips (Chamberlain, 1978). Of all Caribbean corals, A. pal mata exhibitsthe most
rapid and efficient ability to regeneratetissue and skeleton over injuries (Bak, 1983), alowing thisspeciesto
recover quickly from storm damage. A palmataislow ontheaggressive hierarchy, experiencing tissue
destructionif it contacts dow-growing massive coras(Lang, 1973). Acropora pal mata outcompetes
massive cora sby growing abovethem, thereby reducing light penetration and water circulation water
(Shinn, 1972).

Reproduction: Individua coloniesof A. palmata produce both eggsand sperm which are broadcast into
thewater column for external fertilization. Egg and sperm bundlesare positively buoyant, floating to surface
and remaining viablefor up to 8 hoursafter release. Thisspeciesspawns4-5 daysafter thefull moonin
August and/or in September. Although colonieshaveahighinvestment in gamete production, few larvee
surviveand sexual recruitsarerare (Dustan, 1977; Bak and Engel, 1979; Rylaarsdam, 1983). Unlike
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I ndo-Pacific acroporids, the main mode of propagation of A. palmataisby colony fragmentation, enabling
thisspeciesto colonize areas unsuitablefor sexua ly produced larvae, and alowing rapid recovery following
minor hurricanesand tropica storms.

Threats: Themajor sourcesof mortality to A. palmata responsiblefor thevirtua elimination of thiscoral
from the Caribbean over the past two decades has been white-band disease (Gladfelter, 1991). Other
causesof mortality include natural factors such as breakage by hurricanesand tropical storms, predation by
invertebratesand fish, hyper-and hypothermic stress, and bleaching episodes. Anthropogeni c causes of
mortality include nutrient loading and overgrowth by macroalgae, sedimentation and reduced water clarity,
and physica damagefrom boat groundingsand anchors. Although A. pal mata has adaptationsalowingit to
inhabit shallow, high energy reefs, itissusceptibleto breskagefrom physical forcesassociated with storms
and hurricanes. Fragmentation wasthought to be adaptive, with ahigh survivorship of hurricane-generated
fragmentsand arapid recovery of affected zones(Glynn et a., 1964; Highsmith, 1982). Whilestormsmay
enhancethe spread of A. palmata popul ations, recent observationsindicatethat initial mortality to colonies
and fragments may bequite high, injured coloniesand fragmentsexhibit reduced growth ratesand declines
inreproductive output, and damaged popul ations are suscepti bl e to subsequent disturbances (Bruckner,
unpubl. Data; Lirman, 1998). In Puerto Rico, populationsdamaged by stormshave continued to decline,
withahighincidence (40-60%) of fragment mortdity withinthefirst 90 days (Bruckner and Bruckner,
unpubl. Data). Woodley (1992) suggested that the large monospecific stands of A. palmata described asa
characteristic feature of Caribbean reefs(Goreau, 1959; Adey and Burke, 1976) may have developed only
because of an unusudly longinterval (approximately 35 yearsin Jamaica) between major hurricanes.

Outbreaksof coral diseasewerefirst observed among A. palmata populationsin St. Croix inthemid
1970s and di sease epizooti cs have spread throughout the Caribbean over the past two decades. Upto
95% of the A. palmata disappeared over aten year period from Tague Bay, St Croix asaresult of white-
band disease (WBD) and storm damage (Gladfelter, 1991). Goenagareported 20-33 % of A. palmata
affected with WBD on onereef near LaPargueraPR intheearly 1980s(Daviset al., 1986); disease
epizooticswerealso reported in Florida(Jaap, 1984). A. palmata popul ationsin Puerto Rico and
elsewherein the Caribbean continueto be afflicted by WBD (Bythell, 1993; Bruckner et a., 1997,
Aronson and Precht, 1998; Williamset al., 1999). Inadditionto WBD, new diseases have emerged on A.
pal mata, including white pox (Williams, 1996) and patchy necr osis (Bruckner and Bruckner, 1997b).
Tumorsor calicoblastic neoplasms(raised, whitened, abnormal lumpson colony surfaceswith distorted
polipary structures) werefirst noted by Squires(1965) and their affect on growth and regeneration was
examined in Curacao (Bak, 1983). Calicoblastic neoplasmswerereported from Carysfort Reef in Florida
in 1975 and Grecian Rocks, Florida in 1982, and they are known to occur sporadically, at low levels
throughout the Caribbean (Peterset a., 1986). Neoplasmsarethought to reduce the reproductive potential
of coral, and they are susceptibleto ul ceration and invasion by filamentous a gae; affected areaslack
mucous secretory cellsand arevery porous, increasing vulnerability to sedimentation and wave stress
(Peterset al., 1986).

Cord-esating predator sincluding thefireworm, Hermodice caruncul ata and the coral livorous gastropod,
Coralliophila abbreviata appear to have become more preval ent and cause more damageto A. palmata
populationsin Puerto Rico and the FloridaK eyspossibly asaresult of overfishing of their predators, the
octopusand spiny lobster (Bruckner et al., 1997b; Szmant, 1997), and possibly becausetheir host
populations have been greatly reduced, effectively concentrating predators (Knowlton et a., 1990).
Territorial damselfish (Slegastesplanifrons) biterepeatedly at the samelocation on A. palmata branches
creating conspicuouslesionswhich are colonized by dgae. Regeneration of theselesionsiscontinualy
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interrupted. Asaresult, the surrounding polyps secreteawall of tissueand skeleton around thelesion,
which extendsvertically upward, resembling achimney; thisgrowth enclosesthetuftsof algae. Stoplight
parrotfish (Sparisomaviride) also biteat e khorn cora branches, removing tissue and underlying skeleton
(Bruckner and Bruckner, 1998).

Deathtolargestandsof A. palmata by hypother mia hasbeen significant inthe Dry Tortugas (Jaap and
Sargent, 1993) and areas along the Florida Reef Tract with direct connectionsto the FloridaBay.

A. palmataisvulnerableto sedimentation associated with increased runoff and river discharge, especialy
inareaswith minimal wave action. Rogers(1983) found that even low doses of sediment accumulateonthe
flattened branch surfaces, resulting inrapid tissue necrosis, in addition, injuriesregenerate moresowly at
elevated sedimentation levels(Meestersand Bak, 1995). In areaswith heavy commercial boat traffic and
recreational use, A. pal mata thicketsare vulnerableto boat groundingsand anchor damage, primarily
becausethese corasarerestricted to shallow water (Dustan and Halas, 1987).

Acroporacervicornis

Description: Acropora cervicornis(staghorn coral) isabranching coral with cylindrical branchesranging
from afew centimetersto over two metersin length and height (Aronson and Precht, 1997). Coloniesare
yellow-brown in color and havedistinct, protruding tubular corallites. Thetip of each branch hasan
enlarged apical polyp whichisoften palein color andisthe actively growing portion of the colony. Colonies
tend to branch trichotomousdly once each year, expanding in diameter 12 cm or moreannually. Thespecies
oftenformsdense, locali zed thicketsthroughout itsrange. In these thickets, usually only the upper portions
of the branches support living polyps; the bases of the col oniesare often encrusted with algae and inverte-
bratesand provideimportant habitat for damselfish, juvenile gruntsand other species(Tunnicliffe, 1981).

Preferred habitat: Of thethree Western Atlantic species of Acropor a, this species occupiesthe most
extensiverange, occurring in back reef and forereef environmentsfrom0to 30 m (Baker et d., 1997).
Theupper limit of A. cervicornispopulationsare defined by waveforcesand thelower limit controlled
possibly by suspended sedimentsand light availability (Dodgeet d., 1974; Tunnicliffe, 1981). Forereef
zones at intermedi ate depths (5-25 m) were dominated by extensive monotypic standsof A. cervicornis
until themid 1980s(Aronson et al., 1998). Although branchestend to befragileand easily broken,
coloniesare often most abundant in areas of intermediateto high water turbulence (Tunnicliffe, 1981).

Importance: A. cervicornisisoneof thethree most important reef building corason Caribbean reefs
today, and this speciesisoften the dominant component inforereef andlagoona Pleistoceneand Holocene
deposits (Jackson, 1992; Stemann and Johnson, 1992; Greenstein et d., 1998). High popul ation density,
rapid growth ratesand high partia mortaity resultsin the accumulation of largeamountsof A. cervicornis
skeletal materia (Gilmoreand Hall, 1976). Thisrubblemay remainin place, compactingtoforman
important component of the reef-framework. 1t may betransported and deposited at the base of thereef,
or it may be broken down into smaller fragments by dissolution and bioerosion, to contributeto clastic
materia whichfillsspacesintherigid framework of thereef (Tunnicliffe, 1983). Themost rapid accretion
ratefor aHolocenereef dominated by A. cervicorniswas 12 m per 1000 yearsat Alacran Reef, Mexico
(Macintyreet a., 1977). The open framework of densely populated A. cervicornisthickets provides
essential habitat for motileinvertebrates and fishes; back reef populationsareimportant habitat for juvenile
gruntsand other reef fishes.
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Speciesdistribution: A. cervicornisisfound throughout the FloridaK eys, the Bahamas, the Caribbean
idands, and Central and South America, including Mexico, Belize, Honduras, Nicaragua, CostaRica,
Panamaand Columbia. Thiscoral occursinthewestern Gulf of Mexico, tothe Veracruz Reef System, but
isabsent from U.S. watersin the Gulf of Mexico, aswell asBermudaand thewest coast of South America
(Guyana, Surinam and Brazil).

U.S. Digribution: InU.S. territoria waters, this species occursthroughout the FloridaK eysreef tract, the
Dry Tortugas, Biscayne National Park and Southeast Floridareefs, extending northto BocaRaton. It also
occursintheU.S. VirginIdandsand Puerto Rico, and the associated idands of Mona, Desecheo, Culebra
and Vieques. Itisabsent from Flower Garden Banksand the FloridaMiddle Grounds.

Growth (linear extension): Averageannua growth ratesfor individua branchesrangesfrom 3-15
centimeters, depending on geographica |ocation and loca environmenta conditions. Under optimal
conditions, growth ratesof 11 cm per year arereported for Florida (Shinn, 1966), 7.1 cmfor theU.S.
V.1.(Gladfdter etad., 1978), and 12 cmfor Jamaica, with amaximum annual growth for individual branches
of over 20 cm/year (Tunnicliffe, 1983). In St Croix, Gladfelter (1984) did not observe any major changes
ingrowth ratesthroughout theyear; a30-60% declineinrates of linear extension occursduring monthsin
whichwater temperatures did not exceed 26 CinFl orida(Shinn, 1966). A reductioningrowthratesis
associated with extremeturbidity (Rogers, 1990).

M or phological adaptations. Branching morphol ogy, combined with arapid growth rate promotes colony
proliferation and dominance of largeareas, but may result in high susceptibility to physical disturbance.
UnlikeA. palmata, this speciesmay fragment compl etely, sacrificing adultsfor the production of new
asexua propagules. Vegetative propagation alowsfor therapid establishment of new coloniesthroughout
theyear, unlike sexud larvae which are only produced once each year. Fragmentation may also providean
effective method of inhibiting competitors (Tunnicliffe, 1981). Wave exposure and depth affect colony
morphology: coloniesfrom shallow, exposed habitats are robust and have many short branches, while
coloniesin protected locations aretaller and havefewer dender, el ongate branches (Goreau et al.., 1979).
Inaddition, back reef colonieshad ahigher level of branching thanforereef colonies(Tunnicliffe, 1981).
Aggressive, massive cora speciessuch asM. annulariscan digest A. cervicornistissuewhenin contact,
however A. cervicornis isableto out-compete these coral s by growing above them, presumably through
shading (Shinn, 1972). A. cervicornis populations have been found to containtwo distinct algal symbionts
which enablesthe coral host to occupy two competitively different photic habitats; at shallow depthsthe
symbiontissimilar to that found in A. palmata, while deep water popul ations contain adistantly-rel ated
symbiont (Baker et al., 1997).

Reproduction: A. cervicornisisahermaphroditic broadcast (mass) spawner with an annual cycle of
gametogenesisand release. 1n Puerto Rico, Steiner (1995) observed spawning 6 daysafter the August
1987 full moon. Persistence of this speciesappearsto depend heavily on successful asexual reproduction,
aslarval recruitment isseldom observed (Knowlton et al., 1990; Hugheset al., 1992).
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Threats. Themajor cause of mortality to Acropora cervicor nis populations has been white-band disease,
with synergistic effectsfrom storm damage, predation, shading and sedimentation, mechanical abrasion,
overgrowth and thermal shock (Knowltonet a., 1981; Tunnicliffe, 1981; Woodley et d., 1981; Rogers,
1983; Porter et a., 1982; Aronson and Precht, 1998). Although branching morphology and rapid growth
ratesallow thisspeciesto survivein areaswith consi derable sediment deposition, chronic elevated turbidity
caused bleaching and reductionsin growth (Rogers, 1983). The spread of A. cervicor nisthrough asexual
reproduction reducesgenetic variability of populations, possibly increasing their susceptibility to disease
(Bak, 1983). InJamaica, WBD was observed on colonies prior to Hurricane Allen; extensivehurricane
damage, disease and increased predation by corallivorousinvertebrates caused alarge scale declineduring
theearly 1980s, and popul ationshavefailed to recover after nearly 20 years(Woodley et al ., 1981,
Knowltoneta., 1990). Inother Caribbean localities outbreaks of WBD are believed to be the prominent
factor contributing to awidespread disappearance of this species (Aronson and Precht, 1997). A second
form of WBD (typell) hasrecently emerged among A. cervicornispopul ations, affected coloniesbleachin
aband which advances up the branch, and isfollowed by progressivetissue necrosis(Richieand Smith,
1998). Theadvance of white-band disease can be up to 5 mm/day, exceeding the growth of regenerating
branches, whichisapproximately 0.3 mm/day (Daviset d., 1986).

A Caribbean-wide demise of thisspeciesasaresult of anthropogenic and natural disturbancesappearsto
beaunique event that contrastswith thelong-term persistence of thistaxon during Pleistoceneand
Holoceneperiods (Greensteinet a., 1998; Aronson et al., 1998). Acropora cervicornismay be
experiencing an Alleeeffect; thisspeciesisnow rare, and coloniesmay now betoo far apart to ensure
fertilization success, preventing reduced popul ationsfrom becoming reestablished by sexua recruits
(Knowlton, 1992).
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APPENDIX I11: WORKSHOP AGENDA

April 16,2002, TUESDAY:

8:00-8:15

8:15-8:30

Session |:

8:30-9:30

9:30-10:00

10:00-10:15

10:15-11:00

11:00-11:15

11:15-12:00

12:00-1:00

1:00- 2:00

2:00-2:20

2:20-2:40

2:40-3:00

3:00-3:15

3:15-3:30

Welcome, introductions, workshop overview

Opening remarks by John McManus, Director, National Center For Caribbean Coral Reef
Research (NCORE)

Status reports: historical extent, extent of loss, recent rate of loss, causes of
mortality, and patterns of recovery

Regional status of Acropora palmata and A. cervicornis: results of 1998-2001 Atlantic and
Gulf Rapid Reef Assessment (AGRRA) surveys from 22 countries (Phil Kramer)

Threats to Acropora spp. in the Caribbean (Rich Aronson)
Break

Status and trends of A. palmata and A. cervicornis in the Florida Keys

A. Key Largo (Margaret Miller)

B. Recent trends throughout the Keys (Mark Chiappone and Steven Miller)
C. Historical trends 1881-2000 (Walt Jaap)

Distribution, population ecology and reproductive biology of Acroporacervicornisin Broward
County, Florida (Bernardo Vargas-Angel)

Status and trends of A. palmata and A. cervicornis in Puerto Rico

A. Status of Acropora spp. populations in northern and eastern Puerto Rican coral reefs
(Edwin Hernandez)

B. South and west coast populations (Ernesto Weil)

C. DNER monitoring and management (Michael Nemith/Miguel Canals)

Lunch

Status and trends of A. palmata and A. cervicornisin the USVI
A. Historical status, extent of decline and projection for recovery on St. Croix reefs.
(William B. Gladfelter and Elizabeth H. Gladfelter)
B. The Status of Acroporainthe USVI: A wake or an awakening?
(Caroline Rogers)
C. Statusin the NE Caribbean (Anguilla, BV1, St. Croix) and changes since the 1970s
(John Bythell)

The demise of Acropora populationsin the Caribbean: atale of two reef systems
(Bill Precht)

Status of Acropora species on the leeward islands of the Netherlands Antilles
(Mark Vermeij/Rolf Bak)

Acroporid populations in the Dominican Republic (Francisco Geral des)
Afternoon tea break

Status of Acroporid populations off Colombia (Jaime Garzon-Ferriera/Juan M. Diaz)
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Session |1

3:30-3:45
3:45-4:00

4:00-4:15

4:15-4:30

4:30-4:45

4:45-5:10
5:10-5:30
7:00-9:30

8:00-10:30

Application of research data on the biology, ecology and geology of these species
and available management toolsto develop an effective conservation program

M apping marine populations. patternsin Acropora recovery (Barry Devine)
Unprecedented” Acropora Die-Offs: 6,300 & 3,000 ybp (Dennis Hubbard)

Population dynamics and life-history traits of Acropora palmata: costs and
benefits of fragmentation (Diego Lirman)

Genetic Status of Acropora palmata populations in the Caribbean (lliana Baums)

Management measures for corals and coral reef ecosystemsin the FKNMS: Are existing
and proposed regul ations sufficient? (Brian Keller)

The U.S. Endangered Species Act: Application to reef-building corals (Andy Bruckner)

Closing comments, assignments to working groups, working group tasks

Eveningreception and buffet

Evening presentations:
- Cora Farm: the first step to restore reefs (Antonio Ortiz and Hector Ruiz)

- Coral Culture as a Conservation Tool for Acropora spp. (Erich Mueller)
- Acropora palmata and A. cervicornis Video Footage

USVI - Zandy Hillis-Sarr, Denny Hubbard

S John Acropora populations - Jeff Miller, Caroline Rogers

Bonaire/Curagao - Mark Vermeij

April 17,2002, WEDNESDAY:

8:30-12:00
12:00-1:00

1:00-2:00

2:00-5:30

Working group discussions
Lunch
Working group presentations (15 minutes each)

Working group begin drafting recommendations

April 18,2002, THURSDAY:

8:30-10:00
10:00-10:15
10:15-12:00
12:00-1:00

1:00-2:00

Working groups finish write-ups
Morning coffee

Working group presentationsand discussion
Lunch

Final discussion and wrap-up
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